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(54) Modulation and demodulation method, modulator and demodulator 



(57) A rrKxiulation and demodulation method for 
communication between a transmitting side and a re- 
ceiving side includes a step of at the transmitting side, 
producing a nrKxJulating signal, an amplitude ratio of a 
current instantaneous amplitude of the modulating sig- 
nal and an instantaneous amplitude at n symbols previ- 
ously in time (n is a natural number) of the modulating 
signal being set to correspond to a code to be transnrnt- 
ted, a step of at the transmitting skie. A carrier is mod- 
ulated with a radk) frequency or an intermediate fre- 
quency by the modulating signal to provide and transmit 
a fTKxiulated signal. At the receiving side, the transmit- 



ted modulated signal is received to provkie a received 
signal, and a step is carried out of deckjing the transmit- 
ted code from an amplitude ratio of an instantaneous 
amplitude of a signal point in a signal space and an in- 
stantaneous amplitude of the signal point in the signal 
space n symbols prevk>usly in time with respect to the 
received signal A first amplitude ratk> value equal to or 
smaller than 1 and a second amplitude ratk> value equal 
to or greater than 1 are prepared. The amplitude value 
is selected as one of the first and second arriplitude val- 
ues so as to prevent the modulating signal from con- 
verging to zero and from diverging. 
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Description 

The present invention relates to a moduiation and demodulation metliod, a modulator and a demodulaton used 
for digital communication. 

s Recently, demand on fast and large capacity radio transmission techniques for realizing a PHS (Personal Handy 

phone System), a mobile phone system, a multi-media transmission system or a motion picture real-time transmission 
system via radio LAN or radio ATM has t>een increased. In order to satisfy this demand, it is necessary to increase 
band-width efficiency of these transmission systems. 

As one technique for increasing the band-width efficiency, utilization of a multi-level modulation method such as 
10 a multi-level FSK (Frequency Shift Keying) method, a multi-phase PSK (Phase Shift Keying) method or a multi-level 
QAM (Quadrature Amplitude Modulation) method is effective. Particularly, utilization of the multi-level QAM is advan- 
tageous for increasing frequency utilization efficiency and transmission power efficiency. 

Fig. la shows an example of a signal space diagram of a conventional square multi-level QAM (16 QAM) method. 

As is known, signal points of modulating signals in the square multi-level QAM are arranged in parallel with the 
IS orthogonal I and Q axes at regular inten^ls. In this method, a QAM signal can be obtained by. a quadrature modulation 
wherein a carrier is modulated by baset>and modulating signals of the in-phase channel (I channel) and the quadrature 
channel (Q channeQ. At a receiving side, demodulation is performed by detecting the distances and Q^ between the 
signal points and the origin along the I axis and the Q axis, respectively, and by deciding the original signal in accordance 
with the detected distances. Thus, in the square multi-level QAM method, it is necessary at the receiving side to detect 
20 the absolute phase by establishing phase synchronization of the carrier so that the phase angle and the amplitude 
always correspond to the signal points, and to keep the level of input signal applied to a demodulator at constant. 

For establishing the signal points, it is necessary to detect an at>solute phase plane. In order to detect the absolute 
phase plane, reproductbn of the earner frequency is needed. Frequency stability and phase noise of the carrier in 
general have a great influence on error ratk> characteristics. Higher value of multi-levels will result poor frequency 
2S stability and bwer acceptable error anrx>unt due to phase noise. Therefore, reproductkxi of the carrier frequency with 
high stability and low phase noise is required. 

Fig. 1 b shows an example of a signal space diagram of a conventional star multNevel QAM (16 QAM) method. 

In this star multi-level QAM method, each of codes is mapped to a phase difference between the preceding and 
current codes and an amplitude r„. At a receiving side, demodulatkxi is performed by detecting the phase difference 
30 and comparing the amplitudes, and Hhen by deckJing the original signal in accordance witfi the detected and compared 
results. Thus, in this star QAM mettiod, it is not necessary at the receiving skie to detect the absolute phase nor to 
keep the level of input signal applied to a demodulator at constant because decision of the original signal with respect 
to amplitude is performed by comparing the amplitudes. Also, the star QAM metfKxJ withstands relatively high phase 
noise. 

3S However, in case where multi-levels more than two levels are mapped to amplitudes, an initial value or a reference 

value with respect to the amplitude values has to be ^tablished, arKi thus relatk)nships between the signal points and 
the amplitude values have to be established by using such as a training signal. Also, if there occurs incorrect decision 
of an amplitude ratio with the initial or reference value due to worse transmlsskm conditksn after establishment of the 
amplitude ratio, the initial establishment of the amplitude rHtk> with the initial or reference value has to be done again. 

40 Furthermore, according to the conventkxial star multi-level QAM, it is necessary to compare the detected amplitude 
ratk> with the preceding detected amplitude ratk>. This provkJes extremely complk:ated deciskm if the value of multi- 
Iwels increases. 

As described herein before, the square multi-level QAM needs at the receiving skie to keep the level df input signal 
applied to a demodulator at constant so that the amplitudes ahwayscorrespoTKi to the signal Thus, in case that 

^ there are abrupt level changes due to riKsvement of the transmitter or the receiver, or to fading, it needs to provide with 
an AGC (Automatic Gain Control) amplifier having very quk^ response characteristics. This is quite dilfbutt for realizing. 
Furthermore, since the carrier frequency tends to rise up to several tens GHz and the phase noise will Increase if the 
carrier frequency rises, it is extremely difficult to realize the square multi-level QAM whk^h requires a very precise 
earner frequency. Contrary to this, the conventkxial star multi-level QAM can be proof against the level changes and 

so the phase noise but has to introduce very complicated algorithm for the decision as above-described. 

It is therefore an object of the preserit inventk)n to provkle a modulatkxi and demodulation method, a modulator 
and a demodulator, whereby a fast and large capacity radk> transmisskxi can be attained without detecting an absolute 
amplitude of a modulating signal, namely without performing complicated controls and processes even under a con- 
ditk)n of abrupt level changes such as under fading. 

ss According to the present invention, a modulatkxi and demodulation method for communicatkxi between a trans- 
mitting skJe and a receiving side includes a step of at the transmitting side, producing a modulating signal, an amplitude 
ratk> of a current instantaneous amplitude of the modulating signal and an instantaneous amplitude at n symbols pre- ^ 
viously in time (n is a natural number) of the modulating signal being set to correspond to a code to be transmitted, a 
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step of at the transmitting side, modulating a earner with a radio frequency or an intermediate frequency by the rnod- 
ulating signal to provide and transmit a modulated signal, a step of at the receiving side, receiving the transmitted 
modulated signal to provide a received signal, and a step of at the receiving side, deciding the transmitted code from 
an amplitude ratio of an Instantaneous amplitude of a signal point in a signal space and an instantaneous amplitude 

s of the signal point in the signal space n symbols previously in tome with respect to the received signal. A first amplitude 
ratio value equal to or smaller than 1 and a second amplitude ratio value equal to or greater than 1 are prepared. The 
amplitude ratb is selected one of the first and second amplitude values so as to prevent the modulating signal from 
converging to zero and from diverging. 

By mapping a code to an amplitude ratio between instantaneous amplitudes separated by n symbols In time, the 

10 code can be decided independenceof a received signal level. Thus, good demodulation characteristics can be expected 
even under a bad transmission condition of abrupt level changes. Furthermore, according to the present invention, 
since the amplitude ratio is selected to a first amplitude ratio value equal to or smaller than 1 or to a second amplitude 
ratio value equal to or greater than 1 so as to prevent the nrxxiulatrng si^l from converging to zero and from diverging, 
the code can be mapped without convergence to zero and divergence of the Instantaneous amplitude of the modulating 

IS signal. 

Since information exist in the amplitude ratio between the symbols according to the present invention, multi-leveling 
of signal points can be easily realized and also decision thereof will become easy Furthermore, since it is not an 
essential condition to detect the absolute amplitude, quick synchronization of burst signals can be realized causing 
transmission efficiency of a time division multiple access CTDMA) system and an awn f^hmnmift trnncmiccinn system 
20 to extre mely impro ve. 

— tftRe amplitude ratio modulation system according to the present Invention is combined with a conventional phase 
or frequency modulation system, transmission capacity can be easily increased without changing the stnjcture of the 
conventional phase or frequency modulation system. 

Namely, according to the present Invention, a fast and large capacity radio transmission can be easily attavied 

25 without preparing a precise AGO amplifier and without performing comprK:ated controls and processes for providing 
such as a training signal even under a condition of abrupt level changes such as under fading. 

According to the present invention, a nrxxiulator includes a code mapping unit for mapping a plurality of data to be 
transmitted to a code corresponding to a signal point in a signal space, an amplitude ratio setting unit for providing an 
amplitude ratio corresponding to the mapped code, a n-symbol delay unit for providing an instantaneous amplitude at 

30 n symbols previously in time (n is a natural number), an instantaneous amplitude production unit for producing a current 
instantaneous amplitude based upon a product of the amplitude ratio and the instantaneous amplitude at n symbols 
previously, an amplitude ratio control unit for controlltng the amplitude ratio to be one of a first amplitude ratio value 
equal to or smaller than 1 and a second amplitude ratio value equal to or greater than 1 so as to prevent the current 
Instantaneous amplitude from converging to zero and from diverging, and an amplitude modulation unit for modulating 

3S a carrier with a radio frequency or an intermediate frequency by the current instantaneous amplitude. 

It is prefen'ed that the amplitude ratio siting unit provides one of the first amplitude ratio value and the second 
amplitude ratio value, and that the amplitude ratio control unit controls the amplitude ratio setting unit so as to provide 
the first amplitude ratio value when the instantaneous amplitude at n symbols previously is greater than a threshold 
value and so as to provide the second amplitude ratio value when the instantaneous amplrtude at n symbols previously 

40 Is equal to or smaller than the threshold value. 

It is also prefen'ed that the amplitude ratio setting unit provides both the first amplrtude ratb value and the second 
amplrtude ratio value, and that the amplitude ratio control unit includes a first multiplying unit for providing a first product 
of the first amplitude ratio value and the nstantaneous amplitude at n symbols previously, a second multiplying unit 
for providing a second product of the second amplitude ratio value and the instantaneous anrplitude at n symbols 

^ previously, a selection unit for selecting, in accordance with a selection signal, one of the first product and the second 
product as the current Instantaneous amplitude, and a comparing unit for providing the selection signal to the selection 
unit so that the selection unit selects the first product when the instantaneous amplitude at n symbols previously is 
greater than a threshold value and that the selection unit selects the second product when the instantaneous amplitude 
at n symbols previously is equal to or smaller than the threshold value. 

so It is preferred that the amplitude ratio setting unit provides both the first amplitude ratio value and the second 
amplitude ratio value, and that the amplitude ratio control unit includes a first multiplying unit for providing a first product 
of the first amplrtude ratio value arKl the instantaneous amplitude at n symbols previously, a second multlply'mg unit 
for provkiing a second product of the second amplitude ratio value and the instantaneous amplitude at n symbols 
previously, a selection unit for selecting, in accordance with a selection signal, one of the first product and the second 

ss product as the current instantaneous amplitude, and a comparing unit for providing the selection signal to the selection 
unit so that the selection unit selects the first product when the second product is greater than a threshold value and 
that the selection unit selects the second product when the second product is equal to or smaller than the threshold 
value. 
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According to the present invention, also, a demodutetor includes an amplitude detection unit for detecting an in- 
stantaneous envelope level of a received signal, a n-symbol delay unit for providing an ^istantaneous envelope level 
of the received signal at n symtx>ls previously in time (n Is a natural numt>er), an amplitude ratb calculation unit for 
calculating an amplitude ratio of an Instantaneous amplitude in a signal space and an instantaneous amplitude in the 
s signal space n symbols previously in time from the instantaneous envelope level and the instantaneous envelope level 
at n symbols previously, and a decision unit tor deciding a code transmitted in accordance with the calculated amplitude 
ratb. 

It is pref)9rred that the amplitude detection unit has a multiplying unit for providing a product of the received signal 
and a canler, and a low pass filterlhg unit for eliminating higher harmonic component In the product to provide square 
10 of the instantaneous envelope level. 

It is also preferred that the amplitude detection unit includes unit for branching the received signal, a multiplying 
unit for providing a product of the branched signals, a low piass filtervig unit for eliminating higher harmonic component 
In the product to provide square of the instantaneous envelope level, and a square root calculation unit for calculating 
a square root of the square of the instantaneous envelope level to provide the instantaneous amplitude in the signal 
IS space. 

Preferably, the amplitude detection unit has a plurality of amplitude detection circuits for detecting a plurality of 
instantaneous envelope levels of a plurality of received signals, and the demodulator further includes a summing unit 
for summing the plurality of the detected envelope levels to provide the instantaneous amplitude. Thus, diversity com- 
bining with the maximum gain is possible only by summing the detected amplitudes of the branches. 

20 It is preferred that a demodulator includes, a logarithmic amplifying unit for amplifying a received signal, an am- 
plitude detection unit for detecting an instantaneous envelope level of the logarithmically amplified received signal, a 
n-symbol delay unit for providing an instantaneous envelope level of the logarithmically amplified received signal at n 
symbols previously in time (n is a natural number), an amplitude ratb calculation unit for calculating an amplitude ratb 
of an Instantaneous amplitude in a signal space and an Instantaneous amplitude in the signal space n symbols prevl- 

2S ously in time from the instantaneous envelope level and the instantaneous envelope level at n symbols previously, and 
a decision unit for deciding a code transmitted in accordance with the calculated amplitude ratb. 

According to the present invention, a modulation and denruxiulation method for communication between a trans- 
mitting side and a receiving side includes a step of at the transmitting side, producing a nKxiulating signal, an absolute 
phase in a signal space of the modulating signal and also an amplitude ratb of a current instantaneous amplitude of 

30 the modulating signal and an instantaneous amplitude at n symbols previously in time (n is a natural number) of the 
modulating signal being set to correspond to a code to be transmitted, a step of at the transmitting side, modulating a 
carrier with a radb frequency or an intermediate frequency by the modulating signal to provide and transmit a modulated 
signal, a step of at the receiving side, receiving the transmitted modulated signal to provide a received signal, and a 
step of at the receiving side, deciding the transmitted code from an absolute phase of the received signal in a signal 

as space and from an amplitude ratb of an instantaneous amplitude of a signal poim nn the signal space and an tnstar>- 
taneous amplitude of the signal point in the signal space n symt>ols previously in time with respect to the received 
signal. A a first amplitude ratb value equal to or smaller than 1 and a second amplitude ratb value equal to or greater 
than 1 are prepared. The amplitude ratb is selected one of the first and second amplitude values so as to prevent the 
modulating signal from conver^ng to zero from diverging. 

^ By mappbg a code to an amplitude ratb between instantaneous anrtplitudes separated by n symbols in time, the 

code can be decided independence of a received signal level. Thus, good denrKxiulation characteristics can t>e expected 
even under a bal transmission condition of abrupt level changes. Furthermore, according to the present invention, 
since the amplitude ratio is selected to a first amplitude ratb value equal to or smaller than 1 or to a second ampytude 
ratb value equal toorgreaterthan 1 so as to prevent the rnodulaling signal from corwergirtg to zero arxJ from diverging, 

^ the code can be m^ped without convergence to zero and divergence of the instantaneous amplitude of the modulating 
signal. 

Since information exist in the amplitude ratb between the symbols according to the present invention, multi-leveling 
of signal points can be easily realized and also decision thereof will become easy Furthermore, since it is not an 
essential condition to detect the absolute amplitude, quick synchronization of burst signals can be realized causing 
so transmission efficiency of a time division multiple access (TDMA) system and an asynchronous transmission system 
to extremely improve. 

If the amplitude ratio nrKxiulation system according to the present invention is combined with a conventional phase 
or frequency modulation system, transmission capacity can be easily increased without changing the structure of the 
conventional phase or frequency modulation system. 
ss According to the present invention, also, a modulator vicludes a code mapping unit for mapping a plurality of data 

to be transmitted to a code corresponding to a signal point in a signal space, a phase setting unit for providing an 
absolute phase corresponding to the mapped code, an amplitude ratio setting unit for providing an amplitude ratb 
corresponding to the mapped code, a n-symbol delay unit for providing an instantaneous amplitude at n symbols 
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previously in time (n is a natural nunnber), an instantaneous amplitucie production unit for producing a current instan- 
taneous amplitude based upon a product of the amplitude ratio and the instantaneous amplitude at n symbols previ- 
ously, an amplitude ratio control unit for controlling the amplitude ratio to be one of a first amplitude ratio value equal 
to or smaller than 1 and a second amplitude ratio value equal to or greater than 1 so as to prevent the current Instan- 
s taneous amplitude from converging to zero and from diverging, arKi an amplitude and phase modulation unit for mod- 
ulating a can-ier with a radio frequency or an nntermediate frequency by the absolute phase and the current instanta- 
neous, amplitude. 

It is preferred that the amplitude ratio setting unit provides one of the first amplitude ratb value and the second 
amplitude ratio value, and that the amplitude ratio control unit controls the amplitude ratio setting unit so as to provide 

10 the first amplitude ratio value when the instantaneous amplitude at n symbols previously is greater than a threshold 
value and so as to provide the second amplitude ratio value when the instantaneous amplitude at n symbols previously 
is equal to or smaller than the threshold value. 

It is preferred that the amplitude ratio setting unit provides both the first anrtplitude ratio value and the second 
amplitude ratio value, and that the amplitude ratio control unit includes a first multiplying unit for providing a first product 

IS of the first amplitude ratio value and the Instantaneous amplitude at n symbols previously, a second multiplying unit 
for providing a second product of the second amplitude ratio value and the instantaneous amplitude at n symbols 
previously, a selection unit for selecting, in accordance with a selection signal, one of the first product and the second 
product as the current instantaneous amplitude, and a comparing unit for providing the selection signal to the selection 
unit so that the selection unit selects the first product when the instantaneous amplitude at n symbols previously is 

20 greater than a threshold value and that the selection unit selects the second product when the instantaneous amplitude 
at n symbols previously is equal to or smaller than the threshold value. 

It is also pref en'ed that the amplitude ratio setting unit provides both the first amplitude ratb value and the second 
amplitude ratio value, and that the amplitude ratio control unit includes a first multiplying unit for providing a first product 
of the first amplitude ratio value and the instantaneous amplitude at n symbols previously, a second multiplying unit 

2S for providing a second product of the second amplitude ratio value and the instantaneous amplitude at n symbols 
previously, a selectbn unit for selecting, in accordance with a selection signal, one of the first product and the second 
product as the current instantaneous amplitude, and a comparing unit for providing the selection signal to the selection 
unit so that the selection unit selects the first product when the second product is greater than a threshold value and 
that the selection unit selects the second product when the second product is equal to or smaller than the threshold 

30 value. 

According to the present invention, furthermore, a demodulator in cludes an amplitude and absolute phase detectjo n 
unit for detecting an instantan eous envelope level in a signal space and an absolute phase in the signal space of a 
received signal, a n-symbol delay unit for providing an instantaneous envelope level of the received signal at n symbols 
prevbusly in time (n is a natural number), an amplitude ratio cabulation unit for cateulafing an amplitude ratio of an 

35 instantaneous amplitude in a signal space and an instantaneous amplitude in the signal sp^e n symkx>ls previously 
in time from the instantaneous envelope lev^ and the instantarteous envelope level at n symbols previously, and a 
decision unit for deciding a code transmitted in accordance with the absolute phase and the calculated amplitude ratb. 

It is preferred that the amplitude and absolute phase detection unit includes a plurality of amplitude and absolute 
phase detection circuits for detecting a plurality of absolute phases and a plurality of instantaneous envelope levels of 

40 a plurality of received signals, arKJ that the dentodulator further includes a summing unit for summing the plurality of 
the detected envelope levels to provide the instantaneous amplitude, and a selection unit for selecting one of the 
plurality of the detected absolute phases depending upon the plurality of the detected envelope levels so as to provide 
an improved absolute phase. Thus, diversity combining with the maximum gain is possible only by summing the de- 
tected amplitudes of the branches. 

4S It is preferred that the amplitude and absolute phase detection unit includes a plurality of unit for branching a 

plurality of received signals, a plu rality of amplitude detection circuits for detecting a plurality of instantaneous envelope 
levels of the branched received signals and a synchronous phase detectbn unit, and that the demodulator further 
includes a summing unit for summing the plurality of the detected envelope levels to provide the instantaneous ampli- 
tude, and a selection unit for selecting one of the plurality of the branched received signals depending upon the plurality 

so of the detected envebpe levels so as to provide an Improved received signal to the synchronous phase detection unit. 

It is also preferred that a demodulator includes a logarithmic amplifying unit for amplifying a received signal, an 
amplitude and absolute phase detection unit for detecthg an Instantaneous envebpe level and an absolute phase in 
a signal space of the logarithmically amplified received signal, a n-symbol delay unit for providing an instantaneous 
envelope level of the bgarithmicalty amplified received signal at n symbols prevbusly in time (n is a natural number)^ 

ss an amplitude ratb calculation unit for cabulating an amplitude ratb of an instantaneous amplitude in a signal space 
and an instantaneous amplitude in the signal space n symbols previously in time from the instantaneous envelope 
level and the instantaneous envelope level at n symbols previously, and a decision unit for deciding a code transmitted 
in accordance with the absolute phase and the calculated amplitude ratb. 
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According to the present invention, furthermore, a nrxxtulation and demodulation method for communication be- 
tween a transmitting side and a receiving side Includes a step of at the transmitting side, produchg a modulating signal, 

- a phase difference between a current instantaneous phase of the nrxxJulatlng signal in a signal space and an instan- 
taneous phase at n symbols previously In time (n is a natural number) of the modulating signal in the signal space and 

s also an amplitude ratio of a current instantaneous amplitude of the nrxx^ulating signal and an instantaneous amplitude 
at n symtx>ls previously in time of the modulating signal being set to correspond to a code to be transmitted, a step of 
at the transmitting side, modulating a carrier with a radb frequency or an intermediate frequency by the modulating 
signal to provide and transmit a modulated signal, a step of at the receiving side, receiving the transmitted modulated 

' signal to provide a received signal, and a step of at the receiving side, deciding the transmitted code from a phase 

10 difference between a current instantaneous phase of a signal point In the signal space and an instantaneous phase 
of the signal point in the signal space n symbols previously with respect to the.received signal and from an amplitude 
ratio of an instantaneous amplitude of the signal point In the signal space and an instantaneous amplitude of the signal 
point in the signal space n symbols previously in time with respect to the received signal. A first amplitude ratio value 
equal to or smaller thar> 1 and a second amplitude ratio value equal to or greater than 1 are prepared. The amplitude 

IS ratio is selected one of the first and second amplitude values so as to prevent the modulating signal from converging 
to zero and from diverging. 

By mapping a code to a phase difference and to an amplitude ratio between instantaneous amplitudes separated 
by n symbols in time, the code can be decided independence of a received signal level Thus, good demodulation 
characteristics can be expected even under a bad transmission condition of abrupt level changes. Furthennore, ac- 

20 cording to the present invention, since the amplitude ratio is selected to a first amplitude ratio value equal to or smaller 
than 1 or to a second anrtplitude ratio value equal to or greater than 1 so as to prevent the modulating signal from 
converging to zero and from diverging, the code can be mapped without convergence to zero and divergence of the 
instantaneous amplitude of the modulating signal 

Since information exist in the amplitude ratio between the symbols according to the present invention, multi-leveling 

^ of signal points can be easily realized and also decision thereof will become easy. Furthermore, since it is not an 
essential condition to detect the absolute amplitude, quick synchronization of burst signals can be realized causing 
transmission efficiency of a time division multiple access (TDMA) system and an asynchronous transmission system 
to extremely improve. 

if the amplitude ratio nrKXiulation system according to the present invention is combined with a conventional phase 

30 or frequency nxxlulation system, transmission capacity can be easily increased without changing the stmcture of the 
conventional phase or frequency modulation system. 

According to the present invention, also, a modulator ortcludes a code mapping unit for mapping a plurality of data 
to be transmitted to a code corresponding to a signal point in a signal space, a phase difference setting unit for providing 
a phase difference corresponding to the mapped code, a first n-symbol delay unit for providing an instantaneous phase 

3S at n symbols previously In time (n is a natural number), an Instantaneous phase production unit for producing a current 
Instantaneous phase based upon a sum of the phase diff erertce and the instantaneous phase at n symbols prevkxisly, 
an amplitude ratio setting unit for provtdirtg an amplitude ratio corresponding to the mapped code, a second n-symbol 
delay unit for providing an instantaneous amplitude at n symbols previously in time, an instantaneous amplitude pro- 
duction unit for producing a current instantaneous amplitude based upon a product of the amplitude ratio and the 

^ instantaneous amplitude at n symbols previously an amplitude ratio control unit for controlling the amplitude ratio to 
be one of a first amplitude ratio value equal to or smaller than 1 and a secorKi amplitude ratio value equal to or greater 
than 1 so as to prevent the current instantaneous amplitude from converging to zero and from diverging, and an am- 
plitude and phase modulation unit for modulating a carrier with a radio frequency or an intermediate frequency by the 
current instantaneous phase and the current instantaneous amplitude. 

^ It is preferred that the amplitude ratio setting unit provides one of the first amplitude ratio value and the second 

amplitude ratio value, and that the amplitude ratio control unit controls the amplitude ratio setting unit so as to provide 
the first amplitude ratio value when the instantaneous amplitude at n symbols previously is greater than a threshold 
value and so as to provide the second amplitude ratio value when the instantaneous amplitude at n symbols previously 
is equal to or smaller than the threshold value. 

so It is also preferred that the amplitude ratio setting unit provides both the first amplitude ratio value and the second 
amplitude ratio value, and tfiat the amplitude ratio control unit includes afirst multiplying unit for providing a first product 
of the first amplitude ratio value and the instantaneous amplitude at n symbols previously, a second multiplying unit 
for providing a second product of the second amplitude ratio value and the instantaneous amplitude at n symbols 
previously, a selection unit for selecting, in accordance with a selection signal, one of the first product and the second 

ss product as the current instantaneous amplitude, and a comparing unit for providing the selection signal to the selection 
unit so that the selection unit selects the first product when the instantaneous amplitude at n symbols previously Is 
greater than a threshold value and that the selection unit selects the second product when the instantaneous amplitude 
at n symbols previously is equal to or smaller than the threshold value. 
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It is preferred that the amplitude ratio setting unit provides both the first amplitude ratio value and the second 
amplitude ratio value, and that the amplitude ratio control unit includes a first multiplying unit for providing a first product 
of the first amplitude ratio value arKi the instantaneous amplitude at n symbols previously, a second multiplying unit 
for providing a second product of the second amplitude ratio value and the instantaneous amplitude at n symbols 
s previously, a selection unit for selecting, in accordance with a selection signal, one of the first product and the second 
product as the current instantaneous amplitude, and a comparing unit for providing the selection signal to the selection 
unit so that the selection unit selects the first product when the second product is greater than a threshold value and 
that the selection unit selects the second product when the second product is equal to or smaller than the threshold 
value. 

10 According to the present invention, furthermore, a demodulator includes an amplitude and phase detection unit 

for detecting an instantaneous envelope level in a signal space and an instantaneous phase in the signal space of a 
received signal, a first n-symbol delay unit for providing an instantaneous phase at n symbols previously in time (n is 
a natural number), a phase difference calculation unit for calculating a phase difference between the detected instan- 
taneous phase and the provided instantaneous phase n symbols prevbusly, a second n-symbol delay unit for providing 

IS an instantaneous envelope level of the received signal at n symbols previously in time, an amplitude ratio calculation 
unit for calculating an amplitude ratio of an instantaneous amplitude in a signal space and an instantaneous amplitude 
in the signal space n symbols previously in time from the instantaneous envelope level and the instantaneous envelope 
level at n symbols previously, and a decision unit for deciding a code transmitted in accordance with the calculated 
pfiase difference and the calculated amplitude ratio. 

20 It is preferred that the amplitude and phase detection unit includes a plurality of amplitude and phase detection 

circuits for detecting a plurality of instantaneous phases and a plurality of instantaneous envelope levels of a plurality 
of received signals, and that the demodulator further includes a summing unit for summing the plurality of the detected 
envelope levels to provide the instantaneous amplitude, and a selection unit for selecting one of the plurality of the 
detected instantaneous phases depending upon the plurality of the detected envelope levels so as to provide an im- ^ 

2S proved instantaneous phase. Thus, diversity combining with the maximum gain is possible only by summing the de- 
tected amplitudes of the branches. 

It is also preferred that the amplitude and phase detection unit includes a plurality of unit for branching a plurality 
of received signals, a plurality of amplitude detection circuits for detecting a plurality of instantaneous envelope levels 
of the branched received signals and a differential detection unit, and that the demodulator further Includes a summing 

30 unit for summing the plurality of the detected envelope levels to provide the instantaneous amplitude, and a selection 
unit for selecting one of the plurality of the t)ranched received signals depending upon the plurality of the detected 
envelope levels so as to provide an improved received signal to the differential detection unit. 

Preferably, a demodulator includes a logarithmic amplifying unit for amplifying a received signal, an amplitude and 
phase detection unit for detecting an instantaneous envelope level and an instantaneous phase in a signal space of 

3S the logarithmically amplified received signal, a first n-symbd delay unit for providing an instantaneous phase of the 
logarithmfcally amplified received signal at n symbols previously in time (n is a natural number), a phase difference 
calculation unit for calculating a phase difference between the detected instantaneous phase and the provided instan- 
taneous phase n symbols previously, a second n-symbol delay unit for providing an instantaneous envelope level of 
the logarithmically amplified received signal at n symbols previously in time, an amplitude ratio calculation unit for 

40 calculating an anriplitude ratio of an vistantaneous ampPitude in a signal sp^^e an6 an Instantaneous amplitude in the 
signal space n symbols previously in time from the instantaneous envelope level arxi the instantaneous envelope level 
at n symbols previously, and a decision unit for deciding a code transmitted n accordance with the calculated phase 
difference and the calculated amplitude ratio. 

It is preferred that a demodulator includes a branch unit for branching a received signal, a differential detection 

45 unit for detecting a phase diff erertce between an instantaneous phase and an instantaneous phase n symbols previ- 
ously (n is a natural number) in a signal space of the branched received signal, an amplitude detection unit for detecting 
an instantaneous envelope level in the signal sp^^e of the branched received signal, a n-symbol delay unit for provkJing 
an instantaneous envelope level of the branched received signal at n symbols previously in time, an amplitude ratio 
calculation unit for calculating an amplitude ratio of an instantaneous amplitude in the signal space and an inslanla- 

so neous amplitude in the signal space n symbols previously in time from the instantaneous envelope level and the in- 
stantaneous envelope level at n symbols previously, and a decision unit for deciding a code transmitted in accordance 
with the detected phase difference and the calculated amplitude ratio. 

It is also preferred that a demodulator includes a branch unit for branching a received signal, a differential detection 
unit for detecting a phase difference between an instantaneous phase and an instantaneous phase n symt)ols previ- 

ss ously (n is a natural number) in a signal space of the branched received signal, a logarithmic amplifying unit for am- 
plifying the branched received signal, an amplitude detection unit for detecting an instantaneous envelope level and 
an instantaneous phase in the signal space of the logarithmically amplified received signal, a n-symbol delay unit for 
providing an instantaneous envelope level of the branched received signal at n symbols prevbusly in time, an amplitude 
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ratio calculation unit for calculating an amplitude ratio of an instantaneous amplitude in the signal sp^:e and an mtarv 
taneous amplitude in the signal space n symbols previously in time from the instantaneous envelope level and the 
instantaneous envelope level at n symbols previously, and a decision unit for deciding a code transmitted in accordance 
with the detected phase difference and the calculated amplitude ratio. 

Further objects and advantages of the present invention will be apparent from the folbwirig description of the 
preferred embodiments of the invention as illustrated in the accompanying drawings. 

Figs. 1 a and 1 b show the signal space diagrams of the conventional multi-level QAM methods already described; 
Fig. 2 shows a block diagram illustrating a substantial constitution of a modulating part in a transmitting skJe in a 
first embodiment according to the present invention; 

Fig. 3 shows a block diagram illustrating a substantial constitution of a demodulating part in a receiving side in the 
first embodiment according to the present Invention; 

Fig. 4 shows a bkxk diagram illustrating a first concrete oonstitutkxi of a modulator in the first embodiment ac- 
cording to the present invention; 

Fig. 5 shows a block diagram illustrating a second concrete constitutkxi of the modulator in the first-emtxxliment 
according to the present invention; 

Fig. 6 shows a bkxk diagram illustrating a third concrete constitutbn of the modulator in the first embodiment 
according to the present inventkxi; 

Fig. 7 shows a block diagram illustrating a first concrete constitutk)n of a derrxxjulator in the first embodiment 
according to the present inventton; 

Fig. 8 shows a block diagram illustrating an example of an amplitude ratb calculatbn circuit in the demodulator 
shown in Fig. 7; 

Fig. 9 shows a bkx:k diagram illustrating a second concrete constitutkxi of the demodulator in the first embod'ffnent 
according to the present invention; 

Fig. 1 0 shows a bk>ck diagram illustrating a third concrete constitution of the demodulator in the first embodiment 
according to the present inventkxi; 

Fig. 1 1 shows a block diagram illustrating a constitutkm of a composite modulation system of a phase modulatkm 
system and the modulatnn system in the first embodiment according to the present inventk)h; 
Fig. 12 shows a block diagram illustrating a constitutkm of a composite modulatksn system of a frequency modu- 
lation system and the modulation system in the first embodiment according to the present invention; 
Fig. 1 3 shows a bk»k diagram illustrating a fourth concrete constitution of the demodulator in the first embodiment 
according to the present inventkxi; 

Fig. 14 shows a bkx:k diagram illustrating a substantial constitution of a modulating part in a transmitting skle in 
a second embodiment according to the present Inventkx); 

Fig. 15 shows a block diagram illustrating a substantial constitution of a demodulating part in a receiving skle in 
the second embodiment according to the present inventkxi; 

Fig. 16 shows a bkx^ digram illustrating a first concr^e constrtutksn of a nrKXiulator 'm the second embodiment 
according to the present invention; 

Fig. 17 shows a bkx^ cfiagram illustrating an «(ample of an amplitudei)hase modulation circuit in the modulator 
shown in Fig. 16; 

Rg. 18 shows a bkx^k diagram illustrating a second concrete constitutkxi of the modulator in the second embod- 
iment according to the present inventkxi; 

Fig. 1 9 shows a bk)ck diagram illustrating a third concrete constitutkxi of tiie modulator in the second embodonent 
according to the present invention; 

Fig. 20 shows a block diagram illustrating a first concrete constitutkxi of a demodulator in the second embodiment 
according to the present invention; 

Fig. 21 shows a bkxk diagram illustrating a first example of an amplitude and absolute phase detection drcuit in 
the demodulator shown in Rg. 20; 

Fig. 22 shows a bkx:k diagram Olustretlng a second example of the amplitude and absolute phase detection circuit 
in the demodulator shown in Fig. 20; 

Rg. 23 shows a bkx^k diagram illustrating a second concrete constitution of the demodulator in tine second em- 
bodiment according to the present inventbn; 

Fig. 24 formed by combining Figs. 24A and 24B shows a block diagram illustrating a tiiird concrete constitutk>n of 
the demodulator in the second embodiment according to the present invention; 

Fig. 25 fomned by combining Rgs. 25A and 25B shows a block diagram illustrating a fourth concrete constitutkxi 
of the demodulator in the second embodiment according to the present inventkxi; 

Fig. 26 shows a bkx:k diagram illustrating a substantial constitution of a modulating part in a transmitting skie ki 
a third embodiment according to the present inventkxi; 
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Fig. 27 shows a block diagram illustrating a subst^tal constitution of a demodulating part in a receiving side in 
the third embodiment according to the present lnventk)n; 

Fig. 28 shows a block diagram Illustrating a first concrete constitutkxi oT a modulator in the third embodiment 
according to the present inventksn; 
s Fig. 29 shows a bk)ck diagram illustrating a second concrete constltutk)n of the modulator in the third embodiment 

according to the present invention; 

Fig. 30 shows a bk>ck diagram illustrating a third concrete constitution of the modulator in the third embodiment 
according to the present Inventkxi; 

Fig. 31 shows a bk3ck diagram illustrating a first concrete constitution of a demodulator In the third embodiment 
10 according to the present inventkxi; 

Fig. 32 shows a bkx:k diagram illustrating an example of an amplitude and phase detection circuit in the demod- 
ulator shown in Fig. 31 ; 

Fig. 33 shows a b\ock diagram illustrating a second concrete constitutk)n of the demodulator in the third embodiment 
according to the present Inventkyi; 
IS Fig. 34 shows a block diagram illustrating a third concrete constitution of the demodulator in the third embodiment 

according to the present inventkx); 

Fig. 35 shows a bkx:k cfiagram Illustrating an example of a differential detection circuit in the ctemodulator shown 
in Fig. 34; 

Fig. 36 shows a bkx:k cfiagram illustrating a fourth concrete constitution of the demodulator in the third embodiment 
20 according to the present inventkxi; 

Fig. 37 formed by combining Figs. 37A and 37B shows a block diagram illustrating a fifth concrete constitutkxi of 
the demodulator In the third embodiment »:cordlng to the present invention; 

Fig. 38 formed by combining Figs. 38A and 38B shows a bkxk diagram illustrating a sixth coricrete constitutkxi of 
the demodulator in the third embodiment according to the present Invention; 
2S Figs. 3da and 39b show a first «cample of a signal space diagram of the multi-level QAM according to the present 

invention; and 

Figs. 40a and 40b show a second example of a signal space diagram of the multi-level QAM according to the 
present inventkxi. 

30 In a first embodiment according to the present inventkxi, a modulating part in a transmitting skJe is substantially 

constituted by a baseband processing unit 201 and an amplitude modulatk)n unit 207 fol lowed toth is baseband process- 
ing unit 201 as shown in Fig. 2. The baseband processing unit 201 is provkJed with a code mapping unit 202. an 
amplitude ratio setting unit 203, an amplitude ratk> control unit 204, an instantaneous amplitude productkxi unit 205 
and a n-symbol delay unit 206. 

35 Data to be transmitted are inputted into the baseband processing unit 201 . In the processing unit 201 , a plurality 

of inputted data are mapped to a single code at the code mapping unit 202. An amplitude ratk> value corresponding 
to this mapped code is set at the amplitude ratk> setting unit 203, and then the product of the set amplitude ratk> value 
and an instantaneous amplitude at n symbols prevk>usly in time (n is a natural number) outputted from the n-symbol 
delay unit 206 is prcxiuced at the instantaneous amplitude productkxi unit 205 as a current instantaneous amplitude. 

40 If only one amplitude ratk> value is given for each of the mapped codes, the instantaneous amplitude from the 

prod^kxi unit 205 may be gradually increased to diverge wtien codes corresponding to an amplitude ratio value 
greater than 1 are successively provkied or the instantaneous amplitude from the productkxi unit 205 may be gradually 
decreased to converge to 0 when codes corresponding to an amplitude ratk> value smaller than 1 are successively 
provided Thus, according to the present inventkxi, two amplitude ratb values, a fir^ amplitude ratk> value equal to or 

^ smaller than 1 and a second amplitude ratk> value equal to or greater than 1 , are prepared for a single mapped code, 
and a threshoM value of the amplitude ratb values is predetermined, in the amplitude ratio control unit 204, an instan- 
taneous amplitude at n synnbols prevkxjsiy is compared with the threshob value so ttiat the first amplitude ratio equal 
toorsmallerthan 1 isoutputtedfromtheamplituderatbsettingunit203whentheinstantaneousamplltudeatnsyrnb^ 
previously is greaterthan the thresholdvalueandthat the second arnplftude ratb equa^ 1 isoutputted 

50 from the setting unit 203 when the instantaneous amplitude at n symbols prevbusly is equal to or smaller than the 
threshold value. Thus decbed amplitude ratb is applied to the instantaneous amplitude production unit 205 and the 
product of the decided amplitude ratio and an instantaneous amplitude at n symbols previously is produced therein. 

For example, an instantaneous amplitude at a time t A| can be obtained from a folbwing equatbn (1 a), where A|^ 
is an instantaneous amplitude at n symbols prevbusly from the time t, rj is a first amplitude ratb equal to or smaller 

ss than 1 corresponding to the mapped code j, is a second amplitude ratb equal to or greater than 1 corresponding to 
the mapped code j. and s is a threshold value of the instantaneous amplitude. 
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(la) 



In this case, the instantaneous anrtpirtude A| is within a range of Vf^^-s < A| ^ ^ax'® without diverging or converging 
to 0, where r„i„ is the minimum value of rj and is the maximum value of F^. 

The instantaneous amplitude At can be also obtained from a following equation (1 b) Instead of the equation (1 a). 



At - 



"^J * At-n (If At-n ^ 
Rj • A|._n (If At_^ < s) 



..(lb) 



In this case, the instantaneous amplitude A| is within a range of r„|^-s ^ A| < Rmax'^ without diverging or converging 

too. 

^ The instantaneous amplitude A| can be obtained by comparing with the threshold value s from a following 

equation (2a). 



At - 



J '^J • At-n (if Rj-At-n > s) 
Rj • A^.n (if Rj Afn ^ s) 



• (2a) 



In this case, the instantaneous amplitude A| is within a range of r„|n^s < A| ^ s without diverging or converging to 0. 
^ The instantaneous amplitude A| can be also obtained from a following equation (2b) instead of the equation (2a). 



45 



so 



ss 



At = 



• ^t-n «j At-n ^ s) 



(2b) 



In this case, the instantaneous amplitude A| is within a range of r„j„^-s ^ A| < s without diverging or converging to 0. 

The intermediate frequency carrier or radio frequency carrier is nruxlulated by thus obtained instantaneous ampli- 
tude A^atthe amplitude modulation unit 207 tooutput an intermediate frequency (IF) wave or radtof requency (RF) wave. 

In Ihe first embodiment according to the present invention, a demodulating part in a receiving side is substantially 
constituted by an anplrtude detection unit 301 » a n-symbol delay unit 302, an amplitude ratio calculation unit 303 and 
a decision unit 304. 

Received wave is inputted into the amplitude detection unit 301 and an instantaneous envelope level which is an 
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ampirtude component in the signal space is detected Then, a ratio of the instantaneous envelope level at the current 
time and the instantaneous envelope level at n symbols previously provided from the rveymbol delay unit 302 is cal- 
culated at the amplitude ratio calculation unit 303. 

For example, the output from the calculation unit 303 will become as shown in a following equation (3a) and thus 
rj or Rj corresponding to the mapped code can be obtained in case the modulated wave with an instantaneous amplitude 
produced by using the equation (la) is demodulated. 



(If At < At_n) 



. . (3a) 



(If At S At.n) 



In case the modulated wave with an Instantaneous amplitude produced by using the equation (1 b) is demodulated, 
the output from the calculation unit 303 will become as shown in a following equation (3b) and thus rj or R| corresponding 
to the mapped code can be obtained. 



rj (If ^ A^.n) 
Rj (If At > At_n> 



(3b) 



Thus, the amplitude ratio rj or Rj corresponding to the mapped code can be obtained. Then, demodulated data 
can be provided from the decision unit 304 by deciding the code in accordance with the obtained amplitude ratio rj or R|. 

Hereinafter, it wiD be descrft>ed with respect to constftutions of modulators in the first embodiment according to the 
present invention. 

Rg. 4 illustrates a first concrete constitution of a modulator in the first embodiment according to the present inven- 
tion, in this example, the modulator substantially consists of a baseband processing circuit 401 , a mixer 409 followed 
to this baseband processing circuit 401 and a carrier generator 410. The baseband processing circuit 401 is provided 
with a code mapping circuit 402, an arnplitude ratio setting circuit 403, an amplitude ratio control circuit 404, a multiplier 
405. a shift register 406, an D/A converter 407 and a LPF (Low Pass Filter) 408. 

Data to be transmitted are inputted Into the baseband processing circuit 401. In the processing circuit 401, a 
plurality of inputted data are mapped to a single code at the code mapping circuit 402. An amplitude ratio value cor- 
responding to this mapped code is set at the amplitude ratb setting circuit 403, and then the product of the set amplitude 
ratb value and an instantaneous amplitude at n symbols previously y^n outputted from the shift register 406 is produced 
at the multiplier 405 as a current instantaneous amplitude A|. 

In the amplitude ratio setting circuit 403, two amplitude ratio values, a first amplitude ratio value equal to or 
smallerthan 1 and a second amplitude ratio value equal to or greater than 1, are prepared for a single nriappedc^ 

In the amplitude ratio control circuit 404, an instantaneous ampirtude at n symbols previously is compared with a 
predetermined threshold value so that the first amplitude ratio rj equal to or smallerthan 1 is outputted from the amplitude 
ratio setting circuit 403 when the instantaneous amplitude at n symbols previously is greater than (equal to or greater 
than ) the threshold value and that the second amplitude ratb Rj equal to or greater than 1 is outputted from the setting 
circuit 403 when the instantaneous amplitude at n symbols previously is equal to or smaller than (smaller than) the 
threshold value. 

For example, an instantaneous amplitude at a time t : A, can be obtained from a following equation (4a) or (4b), 
where is an instantaneous amplitude at n symbols prevfously from the time t, rj is a first amplitude ratio ( ^ 1) 
con^esponding to the mapped code j, is a second amplitude ratio (^ 1) corresponding to the mapped code j, and a 
threshold value of the instantaneous amplitude is 1 . 
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■^J • At-n (if A^.n > 1) 
Rj • At.n (If At.„ S 1) 



.... (4a) 



IS 



20 



30 



35 



SO 



ss 



At ' 



* At-n (If < 1) 



..(4b) 



The first and second amplitude ratios rj and Rj are determined within one of four ranges of (A) rj S 1 and R| ^ 1 , 
(B) rj ^ 1 and R| > 1 . (C) and ^ 1 , and (D) rj < 1 and Rj > 1 . 

These amplitude ratios rj and may be set by an equation (8) described later. If It is supposed that codes are 
2S "00-, -01 -10^ and '11 these amplitude ratios rj and R| can be set, as an example, as follows. 

(A) rj ^ 1 and ^ 1 



(B)rj^1andH^>1 



code 

amplitude ratio rj 
amplitude ratio R| 


00 
1.0 
1.0 


01 
0.9 
1.1 


10 
0.8 
1.2 


11 
0.7 
1.3 




code 

amplitude ratio rj 
amplitude ratio Rj 


00 

1.0 

1.1 


01 
0.9 
1.2 


10 
0.8 
1.3 


11 
0.7 
1.4 



^ (C) r| < 1 and ^ 1 





code 


00 


01 


10 


11 




amplitude ratio rj 


0.9 


0.8 


0.7 


0.6 


45 


amplitude ratio 1^ 


1.0 


1.1 


1.2 


1.3 



(D) rj < 1 and F^ > 1 



code 


00 


01 


10 


11 


amplitude ratio rj 


0.9 


0.8 


0.7 


0.6 


amplitude ratio Rj 


1.1 


1.2 


'1.3 


1.4 



Thus obtained instantaneous amplitude A, is converted into an analog signal at the D/A converter 407. The con- 
verted analog signal is smoothed and Nyquist pulse shaped at the LPF 408 and then outputted from the baseband 
processing circuit 401 . A carrier signal with a frequency of f^ from the canier generator 410 is mixed with the output 
signal from the baseband processing circuit 401 at the mixer 409 so as to be amplitude-modulated. The modulated 
wave A|-cos(2k -i^-t) is thus outputted. 
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The code mapping circuit 402 and the amplitude ratio setting circuit 403 can be easily constituted by ROMs (Read 
Only Memories) and logic circuits, respectively Similarly to this, the ampfitude ratio control circurt 404 also can be 
easily constituted by a ROM and a logic circuit such as a comparator. 

Rg. 5 illustrates a second concrete constitution of a modulator in the first embodiment according to the present 
invention. In this example, the oYodulator substantially consists of a baseband processing circurt 501, the mixer 409 
followed to this baseband processing circuit 501 and the carrier generator 41 0. The similar components in this modulator 
as these in the modulator shown in Fig. 4 are illustrated by using the same reference numerals, respectively The 
baseband processing circuit 501 is provided with the code mapping circuit 402, an amplitude ratio setting circuit 502, 
multipliers 503 and 504, a selector 505, a comparator 506, the shift register 406, the D/A converter 407 and the LPF 408. 

Data to be transmitted are inputted into the t>aseband processing circuit 501. In the processing circuit 501, a 
plurality of Inputted data are mapped to a single code at the code mapping circuit 402. Two amplitude ratio values 
corresponding to this mapped code, a first amplitude ratio value ^ equal to or smaller than 1 and a second amplitude 
ratio value R| equal to or greater than 1 , are set at the amplitude ratio setting circuit 502. The product rj«A|^ of the set 
first amplitude ratb rj and an Instantaneous anrtplitude at n symbols previously outputted from the shift register 406 
is produced at the multiplier 503. Also the product F^*A|. „ of the set second amplitude ratio Rj and the instantaneous 
amplitude at n symbols previously Ai.^ outputted from the shift register 406 Is produced at the multiplier 504. These 
two products are inputted into the selector 505. The comparator 506 compares the instantaneous amplitude at n sym- 
bols previously A|^ with a threshold value to produce a selection signal. This selection signal is applied to the selector 
505 so that the selector 505 outputs the product rj* Ai.^ when the instantaneous amplitude at n symbols previously is 
greater than (equal to or greater than) the threshold value and outputs the product F^Ai^ when the lr)stantaneous 
amplitude at n symbols previously is equal to or smaller than (smaller than) the threshold value. 

For example, an instantaneous amplitude at a time t : A| can be obtained from a following equation (5a) or (5b), 
where A^ is the instantaneous amplitude at n symtx)ls previously from the time t, rj is the first amplitude ratio (^1) 
conresponding to the mapped code j, R| is the second amplitude ratio (^ 1 ) con^esponding to the mapped code j. and 
the threshold value of the instantaneous amplitucte is 1 . 



30 



3S 



Rj • At_n At_n S 1) 



(5a) 



40 



46 



(5b) 



The operation after that and andHher constitution of this modulator are the same as these in the nrndulator shown 
so in Fig. 4. 

Fig. 6 illustrates a third concrete constitution of a modulator in the first embodiment according to the present in- 
vention. In this example, the modulator substantially consists of a baseband processing circuit 601, the mixer 409 
followed to this baseband processing circuit 501 and the carrier generator 41 0. The similar components in this modu lator 
as these in the modulators shown in Figs. 4 and 5 are Qlustrated by using the same reference numerals, respectively 
ss The baseband processing circuit 601 is provided with the code mapping circuit 402. the amplitude ratio setting circuit 
502, the multipliers 503 and 504. the selector 505, the comparator 506. the shift register 406, the D/A converter 407 
and the LPF 408. 

Data to be transmitted are inputted kiXo the baseband processing circuit 601. In the processing circuit 601, a 
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plurality of inputted data are mapped to a single code at the code mapping circuit 402. Two amplitude ratio values 
con-esponding to this mapped code, a first amplitude ratio value q equal to or smaller than 1 and a second amplitude 
ratio value R| equal to or greater than 1 , are set at the amplitude ratb setting circuit 502. The product rj>A|^ of the set 
first amplitude ratio rj and an instantaneous amplitude at n symlx>ls previously A,^ outputted from the shift regi^er 406 

5 is produced at the multiplier 503. Also the product F^-A^. „ of the set second amplitude ratio and the instantaneous 
amplitude at n symbols previously A^^ outputted from the shift register 406 is produced at the multiplier 504. These 
two products are inputted into the selector 505. The comparator 506 compares the product B^\n with a threshold 
value to produce a selection signal. This selection signal is applied to the selector 505 so that the selector 505 outputs 
the product q-A^ when the product Rj A,^ is greater than (equal to or greater than) the threshold value and outputs 

10 the product Rj A,^ when the product F^-A,^ is equal to or smaller than (smaller than) the threshold value. 

. For example, an instantaneous amplitude at a time t : A, can be obtained from a following equation (6a) or (6b). 
where A,^ is the instantaneous amplitude at n symbols previously from the time t, rj is the first amplitude ratio (^ 1) 
corresponding to the mapped code j, Rj is the second amplitude ratio (^ 1 ) corresponding to the mapped code j, and 
the threshold value of the instantaneous amplitude Is 1 . 

IS 

rj • At.„ (if RyAfn > 1) 

.... (6a) 

Rj • At-n (if RjAt-n ^ 1) 

2S 




(If RyAt-n ^ 1) 

(6b) 

(If RyAt-n < 1) 

The operation after that and another constitution of this modulator are the same as these in the modulator shown 
in Fig. 5. 

40 Hereinafter, it wDI be described with respect to constitutions of denrwdulators in the first embodiment according to 
the present invention. 

Fig. 7 illustrates a first cortcrete constitution of a demodulator in the first embodiment according to the present 
invention. In this example, the demodulator substantially consists of an amplitude detection circuit 701 . a shift register 
706 and an amplitude ratio calculation circuit 707 followed to the amplitude detection circuit 701 and a decision circuit 

4S 708. The amplitude detection circuit 701 is provided with a mixer 702, a carrier generator 703. a LPF (fjon Pass Filter) 
704 and an A/D converter 705. 

Received wave AcCos(2n -f^j-t) is inputted into the amplitude detection circuit 701 . In the amplitude detection circuit 
701 , the inputted wave is first mixed at the mixer 702 with a earner signal cos{2k -f^-t) having a frequency of fp provided 
from the carrier generator 703 which will be constituted by a frequency synthesizer or an osctllatoi: Then, higher har- 

so monic component of the output signal from the mixer 702 is elhiinated at the LPF 704 to obtain an instantaneous 
envelope level yA%uA\ is an amplitude component in the signal space. The obtained instantaneous envelope level is 
then converted into a digital signal at the A/D converter 705 and the converted digital instantaneous envelope level is 
applied to the shift register 706 and to the amplitude ratio calculation circuit 707. In this calculation circuit 707, a ratio 
A| / A|^ of the instantaneous envelope level at the cun^ent time A| and the instantaneous envelope level at n symbols 

ss previously A|^ provided from the shift register 706 is calculated a following equation (7a) or (7b). 
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rj (If At < A,..„) 

At / ^t-n " i (7a) 

Rj (If At S At_n) 



rj (if At S At_n) 

At / At_n = { (7b) 

Rj (If At > At.n) 



Thus, the amplitude ratio rj or Rj corresponding to the mapped code can be obtained. Then, demodulated data 
can be provided from the decision circuit 708 by deciding the code in accordance with the obtained amplitude ratio rj 
orF^. 

For example, if the first amplitude ratio rj and the second amplitude ratio are predetermined as: 

fj = l-k,.j/G„.l). 

R, = l+k2-i/0m-i) (8) 

where and kg are positive constants, and in, is a multi-level value of an mapped code j corresponding to the amplitude 
ratk>. this mapped code j can be decided from the following relationship (9) between the code j and the amplitude ratk> 
rj or R| provkied as a cak:ulatk)n result from the amplitude ratio cateulation circuit 707. 

i=("ri)(Jm-i)^ (9) 

The amplitude ratk) cakxilatnn drcuit 707 and the decisk)n circuit 708 can be easdy constituted by ROMs (Read 
Only Memories) and \ogjc circuits, respectively. 

Fig. 8 illustrates an example of the amplitude ratb cak:ulatk)n circuit 707 in the demodulator shown in Fig. 7. As 
will be apparent from the figure, this cateulatk3n circuit consists of two 2-1 selectors 801 and 802. a comparator 803, 
an inverter 804 and a divkler 805. 

The comparator 803 compares the current instantaneous amplitude A, with the instantaneous amplitude n symbols 
previously Depending upon the comparison result, the selector 801 selects a smaller one (A3) of the amplitudes 
A, and A^„ and the selector 802 selects a larger one (AJ of the amplitudes A, and A|.„. If A| is equal to these 
selectors 801 and 802 will output the same amplitude A| = A|.„ as the selected values. These selected values Ag and 
A|_ are inputted into the dhrider 805 and a ratb A^ / A,_ is obtained. It shouM be noted this ratio (amplitude ratio of A| 
and A|^) is always equal to or less than 1 . 

Fig. 9 illustrates a second concrete constitutran of a demodulator in the first embodiment according to the present 
Inventkxi. I n this example, the denxxJulator substantially consists of an amplitude detection circuit 901 . the shift register 
706 and the amplitude ratk> caknjiatkxi circuit 707 folbwed to the amplitude detectbn circuit 901 and the decisk)n 
circuit 708. The similar components in this demodulator as these In the demodulator shown in Fig. 7 are illustrated by 
using the same reference numerals, respectively. The amplitude detection circuit 901 is provided with a hybrid 902, 
the mixer 702, the LPF 704, the A/D converter 705 and a square root cateulatk)n circuit 903. 

Received wave A|-co6(2k -f^-t) Is inputted Into the amplitude detection circuit 901 . In the amplitude detectk)n circuit 



16 



EP0738064A2 



10 



IS 



901 , the inputted wave is branched at the hybrid 902 an6 the brartched waves are mixed at the mixer 702 with each 
ether. Then, higher harmonic component of the output signal from the mixer 702 is eliminated at the LPF 704 to obtain 
a square value d instantaneous envelope level in the signal space (square<law detection). The obtained square value 
is converted into a digital signal at the A/D converter 705. Then, a square root of the converted digital square value is 
calculated at the square root calculation circuit 903. The calculated value which corresponds to an instantaneous 
amplitude component in the signal space diagram is then applied to the shift register 706 and to the amplitude ratio 
calculation circuit 707. In this calculation circuit 707, a ratio A, / A|.„ of the instantaneous amplitude at the current time 
A| and the instantaneous amplitude at n symbols previously A|.n provided from the shift register 706. 

The operation after that and another constitution of this demodulator are the same as these m the demodulator 
shown in Fig. 7. 

Fig. 10 Illustrates a third concrete constitution of a demodulator in the first embodiment according to the present 
Invention, in this example, the demodulator substantially consists of a LOG (logarithmic) amplifier 1001 , the amplitude 
detection circuit 701. the shift register 706 and an amplitude ratio calculation circuit 1002 followed to the amplitude 
detection circuit 701 and the decision circuit 708. TTie siriiilar components in this dennpdulator as these in the demod- 
ulator shown in Fig. 7 are Illustrated by using the same reference numerals, respectively. The amplitude ratb calculation 
circuit 1002 is provided with a subtracter 1003 and a LOG>linear conversion circuit 1004. 

Received wave A,-cos(2ic -f^-t) is Inputted into the LOG amplifier 1001 to be logarithmically amplified as: 



20 



log{G.A,.cos{2ii.f^.t)} 



(10) 



2S 



where G is a con^ant. Then, in the amplitude detection circuit 701 , a logarrthmicalty amplified value of an instantaneous 
envelope level log(G-At) in the signal space is detected. The obtained logarithmically amplified value is then applied 
to the shift register 706 and to the amplitude ratio calculation circuit 1002. In this calculation circuit 1002, difference 
between the logarithmically amplified value of an instantaneous envelope level log(G-A^ at the current time and a 
logarithmically amplified value of an Instantaneous envelope level at n symbols previously log(G-A|^) provided from 
the shift register 706 is calculated at the sukitracter 1003 by a folbwing equation. 



30 



log (A, / ) = log (G . A,) - log (G . ) 



(11) 



45 



The calculated difference is inversely logarithmically converted at the LOG-linear conversion circuit 1004 so that 
a ratio A| / of the instantaneous envelope level at the cun^ent time A| and the instantaneous envelope level at n 
symbols previously A|.„ is obtained by a following equation (12a) or (12b). 



40 



At / At-i 



rj (If At < At_n) 
Rj (If At ^ At_„) 



.(12a) 
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At / A|._„ 



rj (If At S At.n) 
Rj (If At > At_n) 



(12b) 



65 



TTte operation after that and another constitution of this demodulator are the same as these in the demodulator 
shown in Fig. 7. 
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Althou^, the amplitude of the received wave is detected atter the logarithmic amplification in this demodulator 
shown in Fig. 1 0, the amplitude can be detected before the logarithmic amplification. 

It should be noted that the digital signal processing area and the analog signal processing area can be optionally 
detennined by locations at which the D/A converters and the A/D converters are inserted, and are not limited to these 
s in the above-mentioned examples. 

According to the first embodiment, since it is not necessary to detect an absolute amplitude, good demodulation 
characteristics can be expected even under a bad transmission condition of abrupt level changes. 

Composite modulation and demodulation systems can be constituted by combining the aforementioned modulators 
and demodulators according to the present invention with modulators and demodulators of another modulation meth- 
10 ods. respectively- 

Fig. 11 illustrates a constitution of a composite modulation system constituted by combining a phase modulation 
system and the amplitude ratio modulation system In the first embodiment according to the present invention. 

At a modulating part in a transmitting side, a phase-modulated wave from a phase modulator 1101 is mixed at a 
mixer 1103 with an instantaneous amplitude ratio provided from a modulating signal production circuit 11 02 according 

IS to the present invention. Thus, the phase modulated signal is further modulated by the instantaneous amplitude ratio. 
At a denxxJulating part in a receiving side, a received modulated wave is branched by a hybrid 1104. The branched 
waves are applied to a phase demodulator 1105 so as to provide a phase demodulated signal and to a denmdulator 
1 106 according to the present invention so as to provide an amplitude ratio denrKxlulated signal. 
' Fig. 1 2 illustrates a constitution of a composite modulation system constituted by combining a frequency modulation 

20 system and the amplitude ratio nrxxlulation system in the first embodiment according to the present invention. 

At a modulating part in a transmitting side, a frequency-modulated wave from a frequency modulator 1201 is mixed 
at the mixer 1103 with an instantaneous amplitude ratio provided from the modulating signal production circuit 1102 
according to the present invention. Thus, the frequency modulated signal is further modulated by the instantaneous 
amplitude ratb. At a demodulating part in a receiving side, a received modulated wave Is branched by the hybrid 11 04. 

2S The branched waves are applied to a frequency demodulator 1 202 so as to provide a frequency demodulated signal 
and to the demodulator 1 1 06 according to the present invention so as to provide an amplitude ratio demodulated signal. 

According to these composite modu lation systems, transmission capacity can be easily increased without changing 
the structure of the conventional phase or frequency modulation system on^ by combining the conventional phase or 
frequency modulation system with the amplitude ratio modulation system according to the present invention. 

30 Fig. 1 3 illustrates a fourth concrete constitution of a demodulator tor diversity combining in the first embodiment 

according to the present invention. In this example, the demodulator substantially consists of amplitude detection cir- 
cuits 1301|DS301n. a sunvning circuit 1302, the shift register 706 and the amplitude ratio calculation circuit 707 fol- 
lowed to the summing circuit 1 302 and the decision circuit 708. The similar components in this demodulator as these 
in the demodulator shown in Fig. 7 are illustrated by using the same reference numerals, respectively 

^ Received waves at the branches #1-#N are inputted into the amplitude detection drcuits 1301,-1301^. In the 

amplitude detection circuits 1301,-1301 instantaneous envelope levels of the respective branches are obtained. The 
obtained instantaneous envelope levels of the respective branches are summed at the summing circuit 1 302 to provkie 
an instantaneous amplitude signal. After that, the same operations as that in the denrxxiulator of Fig. 7 are performed 
to obtain a ratio A, / A^^ of the instantaneous amplitude at the current time A| and the instantaneous amplitude at n 

40 symbols previously A|^. Then, the denxxiulated data can be obtained. 

Another constitution of this denrKxiulator are the same as these in the demodulator of Rg. 7. Since information 
exist in the amplitude ratio between the symbols not in the absolute amplitude according to the first embodiment of the 
present invention, diversity combining with the maximum gain is possible only by summing the detected amplitudes of 
the branches. 

4S As shown in Fig. 1 4. in a second eml>odin^ent according to the present hvention, a modulating part in a transmitting 

side is substantially constituted by a code mapping unit 1401, an amplitude ratio processing part consisting of the 
amplitude ratio setting unit 203, the amplitude ratio control unit 204, the instantaneous amplitude production unit 205 
and the n^ymbol delay unit 206, a phase setting unit 1402. and an amplitude and phase nrxxiulation unit 1403. The 
similar components in this modulating side as these in the modulating side shown in Rg. 2 are illustrated by using the 

so same reference numerals, respectively 

Data to be transmitted are inputted into the code mapping unit 1401 wherein a plurality of the inputted data are 
mapped to a single code. An absolute phase ^ j In the signal space corresponding to this mapped code is set as an 
instantaneous phase 8 , at the phase setting unit 1402. Also,,an amplitude ratio value corresponding to this mapped 
code is set at the amplitude ratio setting unit 203, and then the product of the set amplitude ratio value and an inslan- 

ss taneous amplitude at n symbols previously in time (n is a natural number) outputted from the n-symbol delay unit 206 
is produced at the instantaneous amplitude production unit 205 as a current instantaneous amplitude \ 

If only one amplitude ratio value is given for each of the mapped codes, the instantaneous amplitude from the 
production unit 205 may be gradually increased to diverge when codes corresponding to an amplitude ratio value 
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greater than 1 are successively provided or the instantaneous amplitude from the production unit 205 may be gradually 
decreased to converge to 0 when codes correspondirtg to an amplitude ratio value smaller than 1 are successively 
provided. Thus, in this second embodiment also, two amplitude ratio values, a first amplitude ratio value equal to or 
smaller than 1 and a second amplitude ratio value equal to or greater than 1 , are prepared for a single mapped code, 

5 and a threshold value of the anrrplitude ratio values is predetermined. In the amplitude ratio control unit 204, an Instan- 
taneous amplitude at n symbols previously is compared with the threshold value so that the first amplitude ratio equal 
to or smaller than 1 is outp utted from the amplitude ratio setting unit 203 when the instantaneous amplitude at n symbols 
previously is greater than the threshold value and that the second amplitude ratb equal to or greater than 1 is outputted 
from the setting unit 203 when the instantaneous amplitude at n symbols previously is equal to or smaller than the 

10 threshold value. Thus decided amplitude ratio is applied to the instantaneous amplitude production unit 205 and the 
product of the decided amplitude ratio and an instantaneous amplitude at n symbols previously is produced therein. 
As a result, the instantaneous amplitude can be prevented from diverging or from converging to 0. Operations in the 
amplitude ratio processing part consisting of the amplitude ratio setting unit 203, the amplitude ratio control unit 204, 
the instantaneous amplitixle production unit 205 and the n-symbol delay unit 206 are the same as these in the mod- 

IS ulating side in the first embodiment shown in Fig. 2. 

The intermediate frequency carrier or radio frequency carrier Is modulated by thus obtained instantaneous phase 
e ( and instantaneous amplitude A, at the amplitude and phase modulation unit 1403 to output an amplitude and phase 
modulated intenmedlate frequency (IF) wave or radio frequency (RF) wave. 

As shown in Fig. 15, in the second embodiment according to the present invention, a demodulating part in a 

20 receiving side is substantially constituted by an amplitude and absolute phase detection unit 1 501 . the n-symbol delay 
unit 302, the amplitude ratio calculation unit 303 and a decision unit 1 502. The similar components in this demodulating 
side as these in the demodulating side shown in Fig. 3 are illustrated by using the same reference numerals, respec- 
tively. 

Received wave is inputted into the amplitude and absolute phase detection unit 1501 , and thus an absolute phase 
5S and an instantaneous envelope level in the signal space are detected. The absolute phase is detected by recovering 
a carrier in the received wave. As well as done In the first embodiment, a ratio of the instantaneous envelope level at 
the current time and the instantaneous envelope level at n symbols previously provided from the n-symbol delay unit 
302 is calculated at the amplitude ratio calculation unit 303. Then, the demodulated data are provided from the decision 
unit 1502 by deciding the mapped code in accordance with the obtained absolute phase and amplitude ratio. 
30 Hereinafter, constitutions of modulators in the second embodiment according to the present invention are de- 
scribed. 

Fig. 16 illustrates a first concrete constitution of a modulator in the second embodiment according to the present 
invention. In this example, the modulator substantially consists of a code mapping circuit 1 601 . a phase setting circuit 
1602. the amplitude ratio setting circuit 403, the amplftude ratio control circuit 404, the multiplier 405, the shift register 
35 406, an amplitude and phase modulation circuit 1603 and the carrier generator 410. The similar components in this 
modulator as these in the modulator shown in Fig. 4 are illustrated by using the same reference numerals, respectively 
Data to be transmitted are inputted into the code mapping circuit 1 601 . In the drcuit 1601 , a plurality of inputted 
data are mapped to a single code. An absolute phase ^ in the signal space corresponding to this mapped code is set 
as an instantaneous phase 0 1 at the phase setting circuit 1602. Also, an amplitude ratio value corresponding to this 
^ mapped code is set at the amplitude ratio setting circuit 403, and then the product of the set amplitude ratio value and 
an instantaneous amplitude at n symbols previously A,.^ outputted from the shift register 406 is produced at the multiplier 
405 as a current instantaneous amplitude A|. 

As is the similar manner in the modulator of the first embodiment shown in Fig. 4, in the amplitude ratb setting 
circuit 403. two amplitude ratio values, a first amplitude ratio value rj equal to or smaller than 1 and a second amplitude 
^ ratio value Rj equal to or greater than 1 , are prepared for a single mapped code. In the amplitude ratio control circuit 
404, an instantaneous amplitude at n symbols previously Is compared with a predetermined threshold value so that 
the first amplitude ratio rj equal to or smaller than 1 is outputted from the amplitude ratio setting circuit 403 when the 
instantaneous amplitude at n symbols previously is greater than (equal to or greater than ) the threshold value and 
that the second amplitude ratio equal to or greater than 1 is outputted from the setting circuit 403 when the inslan- 
so taneous amplitude at n symbols previously is equal to or smaller than (smaller than) the threshold value. Accordingly, 
a finite instantaneous amplitude without diverging and converging to 0 can be obtained as is in the modulator of Fig. 4. 

The intermediate frequency carrier or radio frequency carrier is modulated by thus obtained instantaneous phase 
0| and instantaneous amplitude A, at the amplitude and phase modulation circuit 1603 to output an amplitude and 
phase modulated intermediate frequency (IF) wave or radio frequency (RF) wave. 
ss The code mapping circuit 1601 and the amplitude ratio setting circuit 1602 can be easily constituted by ROMs 
(Read Only MerTK>ries) and logic circuits, respectively 

Fig. 1 7 illustrates an example of the amplitude and phase modulation circuit 1 603 in the nrxxJulator shown in Fig. 1 6. 
As will be apparent from the figure, this modulation circuit consists of a cosine (COS) ROM 1701, a sine (SIN) 
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ROM 1 702, tWD multipliers 1 703 and 1 704. two band limiting filters 1 705 and 1 706. two D/A converters 1 707 and 1708. 
two LPFs 1 709 and 1710 and a quadrature nrxxJulator 1 711 . The quadrature modulator 1711 is prcvided with two mixers 
1712 and 1713, an adder 1714, n/2 phase shifter 1715and a hybrid 1716. 

The Instantaneous phase 6 , is inputted into the COS ROM 1701 and the SIN ROM 1702 to provide Its cosine 

s component value cosG, and sine component value sinG^, respectively. The cosine component value is multiplied with 
the instantaneous amplitude A| at the multiplier 1703 and the sine component value is multiplied with the instantaneous 
amplitude A, at the multiplier 1704 to provide baseband signals of the rectangular coordinate system consisting of an 
amplitude in-phase component (I component) A|-cosd| and an amplitude quadrature component (Q component) 
At-sine (, respectively. The baseband signals are Nyquist pulse shaped at the band limiting filters 1705 and 1706. and 

10 then converted into analog signals at the D/A converters 1707 and 1708, respectively. These analog signals are then 
smoothed at the LPFs 1709 and 1710, respectively. At the quadrature modulator 1711 , the smoothed analog signals 
quadrature modulate radio frequency or intermediate frequency carrier with a frequency of i;,, which Is applied from 
the earner generator 410. to provide a nrxxlutated wave 

A,<!OS(e,+2«.f^.t). 

The amplitude and phase modulation circuit 1 603 in the modulator shown in Fig. 1 6 can be constituted by any one 
of various known modulation circuits other than that shown m Fig. 17. Thus, the modulation circuit 1603 Is not iimrted 
so to that shown in Fig. 17. 

Fig. 1 8 illustrates a second concrete constitution of a modulator in the second embodiment according to the present 
invention. In this example, the modulator substantially consists of the code mapping circuit 1601. the phase setting 
circuit 1602, the amplitude ratio setting circuit 502. the multipliers 503 and 504, the selector 505. the comparator 506, 
the shift register 406, the amplitude and phase modulation circuit 1603 and the earner generator 410. The similar 
2S components in this modulator as these In the modulator shown in Fig. 5 are illustrated by using the same reference 
numerals, respectively. 

Data to be transmitted are inputted into the code mapping circuit 1601. In the circuit 1601 , a plurality of inputted 
data are mapped to a single code. An absolute phase 0j In the signal space corresponding to this mapped code Is set 
as an Instantaneous phase 0 , at the phase setting circuit 1 602. Also, two amplitude ratio values corresponding to this 

30 mapped code, a first amplitude ratio value r^ equal to or smaller than 1 and a second amplitude ratio value equal to 
or greater than 1. are set at the amplitude ratio setting circuit 502 as is in the modulator of Fig. 5. The product rj A^„ 
of the set first amplitude ratio rj and an instantaneous amplitude at n symbols previously A,.„ outputted from the shift 
register 406 is produced at the multiplier 503. Also the product F^-A|^ of the set second amplitude ratio and the 
instantaneous amplitude at n symbols previously A|.„ outputtedfrom the shift register 406 is produced at the multiplier 

3S 504. These two products are inputted into the selector 505. The comparator 506 compares the instantaneous amplitude 
at n symbols previously A^„ with a threshold value to produce a selection signal. TTiis selection signal is applied to the 
selector 505 so that the selector 505 outputs the product rj- A|^ when the instantaneous amplitude at n symbols previ- 
ously Is greater than (equal to or greater than) the threshold value and outputs the product Rj A^^ when the instanta- 
neous amplitude at n symbols previously is equal to or smaller than (smaller than) the threshold value. Accordingly; a 

^ finite instantaneous amplitude without dh^erging and converging to 0 can be obtained as is in the modulator of Rg. 5. 

The intermediate frequency carrier or radio frequency carrier Is modulated by thus obtained instantaneous phase 
6 X and instantaneous amplitude A| at the amplitude and phase modulation circuit 1603 to output an amplitude and 
phase modulated intermediate frequency (I F) wave or radio frequency (RF) wave. 

The operation after that and andher constitution of this modulator are the same as these in the modulator shown 

45 in Fig. 16. 

Fig. 1 9 illustrates a third concrete constitution of a modulator in the second embodiment according to the present 
invention. In this example, the modulator substantially consists of the code mapping circuit 1601. the phase setting 
circuit 1602. the amplitude ratio setting circuit 502, the multipliers 503 and 504. the selector 505, the comparator 506. 
the shift register 406. the amplitude and phase modulation circuit 1603 and the carrier generator 410. The similar 

so components in this modulator as these in the modulator shown in Figs. 5 and 6 are Illustrated by using the same 
reference numerals, respectively. 

Data to be transmitted are inputted into the code mapping circuit 1601 . In the circuit 1601 , a plurality of inputted 
data are mapped to a single code. An absolute phase j in the signal space corresponding to this mapped code is set 
as an instantaneous phase 0 , at the phase setting circuit 1 602. Also, two amplitude ratio values conresponding to this 

ss mapped code, a first amplitude ratio value rj equal to or smaller than 1 and a second amplitude ratb value equal to 
or greater than 1 , are set at the amplitude ratio setting circuit 502 as Is in the modulator of Fig. 5. The product r^A^ 
of the set first amplitude ratio rj and an instantaneous amplitude at n symbols previously A|.„ outputted from the shift 
register 406 is produced at the multiplier 503. Also the product B^-A^n of the set second amplitude ratio R| and ttie 
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' instantaneous amplitude at n synnbols previously outputted from the shift register 406 is produced at the multiplier 
504. These two products are inputted into the selector 505. The corrparator 506 compares the product F^Ah, with a 
threshold value to produce a selection signal. This selection signal is applied to the selector 505 so that the selector 
505 outputs the product r^A^n the product F^ A|^ is greater than (equal to or greater than) the threshold value 
s and outputs the product Rj-A,!^ when the product Rj-A,.n is equal to or smaller than (smaller than) the threshold value. 
Accordingly, a finite instantaneous amplitude without diverging and converging to 0 can be obtained as is in the mod- 
ulator of Fig. 6. 

The intermediate frequency carrier or radio frequency carrier is modulated by thus obtained instantaneous phase 
e I and instantaneous amplitude A| at the amplitude and phase modulation circuit 1603 to output an amplitude and 
10 phase modulated intermediate frequency (IF) wave or radio frequency (RF) wave. 

The operation after that and another constitution of this modulator are the same as these in the modulator shown 
In Fig. 18. 

Hereinafter, constitutions of denrxxluiators in the second embodiment according to the present iriventlon are de- 
scribed. 

IS Fig. 20 illustrates a first concrete constitution of a demodulator in the second embodiment according to the present 

invention. In this example, the denrxxjulator substantialiy consists of an amplitude and absolute phase detection circuit 
2001 , the shift register 706 and the amplitude ratio calculation circuit 707 followed to the detection circuit 2001 and a 
decision circuit 2002. The similar components in this demodulator as these in the demodulator shown in Rg. 7 are 
illustrated by using the same reference numerals, respectively. 

20 Received wave A,-cos(2ji .f^.t) is inputted Into the amplitude and absolute phase detection circuit 2001 , and thus 

an absolute phase 8 ^ and an instantaneous envelope level A, in the signal space are detected. With respect to phase, 
an instantaneous phase 0 1 is the absolute phase <!>; detected by recovering a carrier in the received wave. With respect 
to amplitude, as well as done in the demodulator of Fig. 7 in the first embodiment, a ratio A| / A|.„ of the instantaneous 
envelope level at the current time A| and the instantaneous envelope level at n symbols previously provided from 

2S the shift register 706 is calculated at the amplitude ratio calculation drcuit 707 to provide fj or R| corresponding to the 
mapped code. 

Demodulated data can be obtained from the decision circuit 2002 by deciding the mapped code in accordance 
with thus obtained absolute phase <h and amplitude ratio rj or Rj. 

For example, if the absolute phase 0 ^ and the first amplitude ratio q or the second amplitude ratio Rj are prede- 
30 termined at the transmitting side as: 



♦i = 2n.i/i^ (13) 
^ where i^ is a multi-levei value of an mapped code i corresponcSng to the absolute phase, and 

40 Rj = 1+k2i/0m-1) (14) 

where and k2 are positive constants, and j„, is a multi-level value of an mapped code j corresponding to the amplitude 
ratio, the nrtapped code i for absolute phase can be decided from the following relationship (15) between the code i 
and the detected absolute phase <^ provided from the detection circuit 2001 , 
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so 



i = <f,-i^/2ic (15) 

and also the mapped code J for amplitude ratio can be decided from the following relationship (16) between the code 
j and the amplitude ratio rj or provided as a calculation result from the arr^litude ratio calculation circuit 707. 



^ i = (Rj-1)-{jm-1)^k2 (16) 

The decision circuit 2002 can be easily constituted by ROM (Read Only Memory) and logic circuit. 
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Fig. 21 illustrates an example of the ampiitixie and absdme phase detection circ^ in the demodulator shown 
in Fig. 20. 

As will be apparent from the figure, this detection drcuit 2001 consists of a hybrid 2101, a synchronous phase 
detection circuit 2102 and an amplitude detection circuit 2103. 
s The received wave is branched at the hybrid 2101 and applied to the synchronous phase detection circuit 2102 

and to the amplitude detection circuit 21 03. In the synchronous phase detection circuit 21 02. an absolute phase in the 
signal space is detected, and In the amplitude detection circuit 2103, an instantaneous envelope level which is an 
instantaneous amplitude in the signal space is detected. 

As for the synchronous phase detection circuit 2102, various absolute phase detectors such as a synchronous 
'0 detector using carrier multiplying method or Costas circuit can be adapted. As for the amplitude detection circuit 2103, 
the amplitude detection circuit 701 shown in Fig. 7 can be adapted. 

Fig. 22 illustratesananotherexarnpleof the arnplitudeandabsolutephase detection circuit in the demodulator 
shown in Fig. 20. 

As will be apparent from this figure, this detection circuit 2001 consists of a quadrature detector 2201 , a hybrid 

IS 2202, a carrier recovery circuit 2203, two A/D converters 2211 and 2212 and calculation circuits 2213 and 2214. The 
quadrature detector 2201 is provided with two hybrids 2204 and 2205, two mixers 2206 and 2207. an /2 phase shifter 
2208 and two LPFs 2209 and 2210. 

The received wave A|-cos(2]c A^-X) is branched at the hybrid 2202 and applied to the quadrature detector 2201 and 
to the carrier recovery circuit 2203. In the carrier recovery circuit 2203, a carrier with a frequency ^ is recovered from 

20 the received wave. I n the quadrature detector 2201 , the received wave is quadrature detected by this recovered carrier 
to provide baseband signals of the rectangular coordinate system consisting of I component I = A|-cos6 1 and Q com- 
ponent Q = A|*sln8 1. The baseband signals are converted into digital signals at the A/D converters 2211 and 2212, 
respectively. These digital signals are then applied to the calculation circuit 221 3 to provide an bistantaneous phase 
e I which is the absolute phase in the signal space. Also these digital signals are applied to the calculation circuit 

2S 221 4 to provide an instantaneous envelope level A, which is an instantaneous amplitude in the signal space. 

The amplitude and absolute phase detection circuit 2001 in the demodulator shown in Fig. 20 can be constituted 
by any one of various known detection circuits other than that shown in Rg. 22. Thus, the detection circuit 2001 is not 
limited to these shown in Figs. 21 and 22. 

Fig. 23 illustrates a second concrete constitution of a demodulator in the second embodiment according to the 

30 present invention. In this example, the demodulator substantially consists of the LOG (logarithmic) amplifier 1001 , the 
amplitude and absolute phase detection circuit 2001, the shift register 706 and the amplitude ratio calculation circuit 
1002 followed to the amplitude and absolute phase detection circuit 2001 and the decision circuit 2002. The similar 
components in this derrxxJulator as these in the demodulators shown in Figs. 10 and 20 are illustrated by using the 
same reference numerals, respectively. The amplitude ratio calculation circuit 1002 is provided with the subtracter 

3S 1 003 and the LOG-linear conversion circuit 1 004. 

Recerved wave A,-cos(2jc f^ t) is inputted into the LOG amplifier 1001 to be logarithmically amplified as log {G - 
A| • co6(2n ' f c • t)}, where G is a constant Then, in the amplitude and absolute phase d^ection drcuit 2001 , an absolute 
phase d t and an instantaneous amplitude A| are detected. With respect to phase, an instantaneous phase 6 , is the 
absolute phase ^ detected by recovering a carrier in the received wave as well as done in the demodulator of Fig. 20. 

<o With respect to amplitude, as well as done in the demodulator of Fig. 1 0 in the first embodiment, a ratio A| / A|^ of the 
instantaneous amplitude at the current time At and the instantaneous amplitude at n symbols previously A|^ provided 
from the shift register 706 is calculated at the amplitude ratio calculation drcuit 1003 to provide rj or R| corresponding 
to the mapped code. 

Demodulated data can be obtained from the decision drcuit 2002 by deciding the mapped code in accordance 
45 with thus obtained absolute phase ^ arui amplitude ratio rj or Rj. 

Although, the amplitude of the received wave is detected after the logarithmic amplification in this demodulator 
shown in Fig. 23, the amplitude can be detected before the logarithmic ampirfication. 

According to the second embodiment as well as in the first embodiment, since it is not necessary to detect an 
absolute amplitude, good demodulation characteristics can be expected even under a bad transmission condition of 
so abrupt level changes. 

Fig. 24 illustrates a third concrete constitution of a demodulator for diversity combining In the second embodiment 
according to the present Invention. In this example, the denrKxJulator substantially consists of amplitude and absolute 
phase detection circuits 2401^-2401^, a selection circuit 2402, the summing circuit 1302, the shift register 706 and the 
amplitude ratio calculation drcuit 707 followed to the summhg circuit 1302 and the decision drcuit 2002. The similar 
ss components in this demodulator as these In the demodulators shown in Figs. 7,13 and 20 are illustrated by ijsing the 
same reference numerals, respectively. 

Received waves at the branches #1-#N are Inputted Into the amplitude and absolute phase detection circuits 
2401^ -2401 In the detection circuits 2401^-24011^ absolute phases and instantaneous envelope levels which are 



22 



EP0738064 A2 



instantaneous amplitudes, of the respective branches are obtained. The obtained absolute phases dl the respective 
branches are Inputted into the selection circuit 2402 and then one of the absolute phases is selected depending upon 
the instantaneous envelope levels of the respective branches (selection connbining). On the other hand, the obtained 
instantaneous envelope levels of the respcictlve branches are sumnted at the summing circuit 1302 to provide an 

s instantaneous amplitude signal. After that, the same operations as that in the demodulator of Fig. 20 are perfonmed to 
obtain a ratio A, / A|. „ of the instantaneous amplitude at the current time A| and the instantaneous amplitude at n 
symbols previously A|^. Then, the demodulated data can be obtained. 

Fig. 25 illustrates a fourth concrete constitution of a demodulator for diversity combining in the second embodiment 
according to the present invention. In this example, the demodulator substantially consists of hybrids 2501^-2501 f^, 

10 amplitude detection circuits 2502^ 02502^. a selection circuit 2503, the synchronous phase detection circuit 21 02 fol- 
lowed to the selection circuit 2503, the summing circuit 1302, the shift register 706 and the amplitude ratio calculation 
circuit 707 followed to the summing circuit 1 302 and the decision circuit 2002. The simitar components in this demod- 
ulator as these in thedemodulators shown in Figs. 7,13, 20 and 21 are illustrated by using the same reference numerals, 
respectively. 

15 Received waves at the branches #1-#N are branched at the hybrids 25011-2501^, respectively and then inputted 

into the amplitude detection circuits 2502, 2502^ and into the selection circuit 2503, respectively. In the detection 
circuits 2502|-2502n, instantaneous envelope levels which are instantaneous amplitudes, of the respective branches 
are detected. In the selection circuit 2503, one of the received waves is selected depending upon the detected instan- 
taneous envelope levels form the respective detection circuits 2502^ 2502^. The selected received wave is applied to 

20 the synchronous phase detection circuit 2102 and thus an absolute phase ^ | is obtained. On the other hand, the 
obtained instantaneous envelope levels of the respective branches are summed at the summing circuit 1 302 to provide 
an instantaneous amplitude signal. After that, the same operations as that in the demodulator of Fig. 20 are performed 
to obtain a ratio A^/ A^^ of the instantaneous amplitude at the current time A| and the instantaneous amplitude at n 
symbols previously A,^. Then, the demodulated data can be obtained. 

2S Since information exist in the amplitude ratio between the symbols not in the absolute amplitude according to the 

second embodiment as well as in the first embodiment of the present invention, diversity combining with the maximum 
gain is possible only by summing the detected amplitudes of the branches. With respect to phase combining, another 
combining methods such as an equal gani combinmg or maximal ratio combining can be utilized other than the afore- 
mentioned selection combining. 

30 As shown In Fig. 26, in a third embodiment according to the present Invention, a modulating part in a transmitting 

side is substantially constituted t>y the code mapping unit 1401. an amplitude ratio processing part consisting of the 
amplitude ratb setting unit 203, the amplitude ratio control unit 204, the instantaneous amplitude production unit 205 
and the n-symbol delay unit 206, a phase difference setting unit 2601 , an instantaneous phase production unit 2602. 
a n-symbol delay unit 2603 and the amplitude and phase nrxxJulation unit 1403. The similar components In this mod- 

3S ulating side as these in the modulatmg sides shown tn Figs. 2 and 14 are illustrated by using the same reference 
numerals, respectively. 

Data to t>e transmitted are inputted into the code mapping unit 1401 wherein a plurality of the nnputted data are 
mapped to a single code. A phase difference <t» | corresponding to this mapped code is set at the phase difference 
setting unit 2601 . An instantaneous phase at n symbols previously in time (n is a natural number) 0 ^ outputted from 

^ the n-symbol delay unit 2603 is added to this phase difference ^ | to produce an Instantaneous phase 0 1 at the instan- 
taneous phase production unit 2602. Also, an amplitude ratio corresponding to this mapped code is set at the amplitude 
ratb setting unit 203, and then the product ofthe set amplitude ratio value and an instantaneous ampirtude at n symbols 
previously in time outputted from the n-symbol delay unit 206 is produced at the in^antaneous amplitude production 
unit 205 as a current instantaneous amplitude A|. . . 

^ If only one anr^litude ratio value is given for each of the mapped codes, the instantaneous amplitude from the 

production unit 205 may be gr^hially Increased to diverge when codes con-espondlng to an amplitude ratio value 
greater than 1 are successively provided or the instantaneous amplitude from the production unit 205 may be gradually 
decreased to converge to 0 when codes corresponding to an amplitude ratio value smaller than 1 are successively 
provided. Thus, in this second embodiment also, two amplitude ratio values, a first amplitude ratio value equal to or 

so smaller than 1 and a second amplitude ratio value equal to or greater than 1 , are prepared for a single mapped code, 
and a threshold value of the amplitude ratio values is predetermined. In the amplitude ratio control unit 204, an instan- 
taneous amplitude at n symbols previously is compared with the threshold value so that the first amplitude ratio equal 
to or smaller than 1 is outputted from the amplitude ratio setting unit 203 when the instant^neous amplitude at n symbols 
previously is greater than the threshold value and that the second amplitude ratio equal to or greater than 1 1s outputted 

^ from the setting unit 203 when the instantaneous amplitude at n symbols previously is equal to or smaller than the 
threshold value. Thus decided amplitude ratio is applied to the instantaneous amplitude production unit 205 and the 
product of the decided amplitude ratio and an instantaneous amplitude at n symbols previously is produced therein. 
As a result, the instantaneous amplitude can be prevented from diverging or from converging to 0. Operations in the 
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amplitude ratio processing part consisting of the amplitude ratio setting unit 203, the amplitude ratio contn>l unit 204, 
the instantaneous amplitude production unit 205 and the rveymbol delay unit 206 are the same as these in the mod- 
ulating side in the first embodiment shown in Rg. 2. 

The intermediate frequency carrier or radio frequency carrier is modulated by thus obtained instantaneous phase 

s B t and instantaneous amplitude A, at the amplitude arKi phase modulation unit 1 403 to output an amplitude and phase 
modulated Intermediate frequency (IF) wave or radio frequency (RF) wave. 

As shown in Fig. 27, in the third embodiment according to the present Invention, a demodulating part in a receiving 
side is substantially constituted by an amplitude and phase detection unit 2701. the n-symbol delay unit 302. the am- 
plitude ratio calculation unit 303. a n-symbol delay unit 2702, a phase difference calculation unit 2703 and a decision 

10 unit 2704. The similar components in this denrKxiulating side as these in the demodulating side shown in Fig. 3 are 
illustrated by using the same reference numerals, respectively 

Received wave is Inputted into the amplitude and phase detection unit 2701 , and thus an mstantaneous phase 
and an instantaneous amplitude are obtained by detecting a phase component and an amplitude component of the 
received wave. With respect to phase, a phase difference between an instantaneous phase at the current time and an 

IS instantaneous phase at n symbols previously provided from the n-symbol delay unit 2702 is calculated at the phase 
difference calculation unit 2703. With respect to amplitude, as well as done in the first embodiment, a ratio of the 
instantaneous envebpe level at the current time and the instantaneous envelope level at n symbols previously provided 
from the n-syn)bol delay unit 302 is calculated at the amplitude ratio calculation unit 303. Then, the denrxxlulated data 
are provided from the decision unit 2704 by deciding the mapped code in accordance with the obtained phase difference 

20 and amplitude ratio. 

{Hereinafter, constitutions of nrxxJulators in the third embodiment according to the present invention are described. 
Fig. 28 illustrates a first concrete constitution of a modulator in the third embodiment according to the present 
invention. In this example, the nxxJulator substantially consists of the code mapping circuit 1601, a phase difference 
processing part constituted by a phase difference setting circuit 2801 , an adder 2802 and a shift register 2803, an 

2S amplitude ratio processing part constituted by the amplitude ratio setting circuit 403, the amplitude ratio control circuit 
404, the multiplier 405 and the shift register 406, the amplitude and phase modulation circuit 1603 and the carrier 
generator 410. The similar components in this modulator as these in the modulators shown in Figs. 4 and 16 are 
illustrated by using the same reference numerals, respectively. 

Data to be transmitted are inputted into the code mapping circuit 1601. In the circuit 1601 , a plurality of inputted 

30 data are mapped to a single code. A phase difference ^ ^ corresponding to this mapped code is set at the phase 
difference setting circuit 2601. An instantaneous phase Of = (|> i -i- Oi.^ is obtained by adding at the adder 2802 an 
instantaneous phase at n symbols previously in time (n is a natural number) 6 j.^ outputted from the shift register 2803 
to this phase difference <^ |. Also, an amplitude ratio corresponding to this mapped code is set at the amplitude ratio 
setting circuit 403, and then the product of the set amplitude ratio value and an Instantaneous amplitude at n symbols 

3S previously A^ outputted from the shift register 406 is produced at the multiplier 405 as a current instantaneous am- 
plitude A|. 

As is the similar manner in the modulator of the first embodiment shown in Fig. 4, in the amplitude ratio setting 
circuit 403, two arnplitude ratio values.afirst amplitude ratio value rjoqual to or 1 and a second amplitude 

ratio value R| equal to or greater than 1 . are prepared for a single ma|bped code. In the wnplitude ratio control circuit 

^ 404, an instantaneous amplitude at n symbols previously is compared with a predetermined threshold value so that 
the first amplitude ratio rj equal to or smaller than 1 is outputted from the amplitude ratio setting drcuit 403 when the 
instantaneous amplitude at n symbols previously is greater than (equal to or greater than ) the threshold value and 
that the second amplitude ratio equal to or greater than 1 is outputted from the setting circuit 403 when the instan- 
taneous amplitude at n symbols previously is equal to or smaller than (smaller than) the threshold value. Accordingly, 

^ a finite instantaneous amplitude without diverging and converging to 0 can be obtained as is in the modulator of Fig. 4. 

The intermediate frequency carrier or radio frequency carrier is modulated by thus obtained instantaneous phase 
6 1 and instantaneous amplitude A| at the amplitude and phase modulation circuit 1603 to output an amplitude and 
phase modulated intermediate frequency (IF) wave or radio frequency (RF) wave. Another constitutions of this mod- 
ulator is the same as that in the modulator in the second embodiment shown in Rg. 16. 

so Fig. 29 illustrates a second concrete constitution of a modulator in the third embodiment according to the present 

invention. In this example, the modulator substantially consists of the code mapping circuit 1 601 , a phase processing 
part constituted by the phase difference setting circuit 2801 , the adder 2802 and the shift register 2803. an amplitude 
ratio processing pari constituted by the amplitude ratio setting circuit 502, the multipliers 503 and 504, the selector 
505, the comparator 506 and the shift register 406, the amplitude and phase modulation circuit 1603 and the carrier 

ss generator 41 0. The similar components in this modulator as these in the modulators shown in Figs. 5, 1 8 and 28 are 
illustrated by using the same reference numerals, respectively. 

Data to be transmitted are inputted into the code mapping circuit 1601 . In the circuit 1601 , a plurality of inputted 
data are mapped to a single code. A phase difference ^ j corresponding to this mapped code is set at the phase 
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dffference setting circuit 2801. An instantaneous phase = | -i- 0^ is obtained by adding at the adder 2802 an 
instantaneous phase at n symbols previously in time (n is a natural number) 6 1^ outputted from the shift register 2803 
to this phase difference ^ |. Also, two amplitude ratio values corresponding to this mapped code, a first amplitude ratio 
value rj equal to or smaller than 1 and a second amplitude ratio value equal to or greater than 1, are set at the 

s amplitude ratio setting circuit 502 as in the modulator of Fig. 5. The product rj-A^n of the set first amplitude ratio rj 
and an instantaneous amplitude at n symbols previously A|^ outputted from the shift register 406 is produced at the 
multiplier 503. Also the product R|-A|.„ of the set second amplitude ratio and the instantaneous amplitude at n symbols 
previously A|^ outputted from the shift register 406 Is produced at the multiplier 504. These two products are inputted 
into the selector 505. The comparator 506 compares the instantaneous amplitude at n symbols previously A^^ with a 

10 threshold value to produce a selection signal. This selection signal is applied to the selector 505 so that the selector 
505 outputs the product rj*A|^ when the instantaneous amplitude at n symbols previously is greater than (equal to or 
greater than) the threshold value and outputs the product F^-A|^ when the Instantaneous amplitude at n symbols pre- 
viously is equal to or smaller than (smaller than) the threshold value. Accordingly; a finite instantaneous amplitude 
without diverging and converging to 0 can be obtained as is in the modulator of Fig. 5. 

IS The intermediate frequency carrier or radio frequency carrier is modulated by thus obtained instantaneous phase 

6 1 and instantaneous amplitude A, at the amplitude and phase modulation circuit 1603 to output an amplitude and 
phase modulated intermediate frequency (IF) wave or radio frequency (RF) wave. 

The operation after that and another cortstitution of this modulator are the same as these In the modulator shown 
In Fig. 28. 

20 Fig. 30 illustrates a third concrete constitution of a modulator in the third embodiment according to the present 

invention. In this example, the modulator substantially consists of the code mapping circuit 1601, a phase processing 
part constituted by the phase difference setting circuit ^1 , the adder 2802 and the shift register 2803^ an amplitude 
ratb processing part constituted by the amplitude ratio setting circuit 502. the multipliers 503 and 504, the selector 
505, the comparator 506 and the shift register 406, the amplitude and phase modulation circuit 1603 and the earner 

2S generator 410. The similar components in this modulator as these in the modulators shown in Figs. 6, 19 and 29 are 
illustrated by using the same reference numerals, respectively. 

Data to be transmitted are inputted into the code mapping circuit 1601 . In the circuit 1601 , a plurality of inputted 
data are mapped to a single code. A phase difference ^ | corresponding to this mapped code is set at the phase 
difference setting circuit 2801 . An instantaneous phase e | = <|> g + e is obtained by adding at the adder 2802 an 

30 instantaneous phase at n symbols previously in time (n is a natural number) 0 ^ outputted from the shift register 2803 
to this phase difference ^ ^ Also, two amplitude ratio values corresponding to this mapped code, a first amplitude ratio 
value rj equal to or smaller than 1 and a second amplitude ratio value equal to or greater than 1 , are set at the 
amplitude ratb setting circuit 502 as is in the modulator of Fig. 5. The product r|*A|.„ of the set first amplitude ratio rj 
and an instantaneous amplitude at n symbols previously A|^ outputted from the shift register 406 is produced at the 

3S multiplier 503. Also the product F^*A|^ of the set second amplitucte ratio and the instantaneous amplitude at n symbols 
previously A^^ outputted from the shift register 406 is produced at the multiplier 504. These two products are inputted 
into the selector 505. The comparator 506 compares the product F^A^^ with a threshold value to produce a selection 
signal. This selection signal is applied to the selector 505 so that the selector 505 outputs the product ry\f^ when the 
product F^A|^ is greater than (equal to or greater than) the threshold value and outputs the product F^-A|^ when the 

40 product F^-Ah, is equal to or smaller than (smaller than) the threshold value. Accordingly, a finite instantaneous ampli- 
tude without diverging and convergvig to 0 can be obtained as is in the modulator of Fig. 6. 

The intermediate frequency carrier or radio frequency carrier is modulated by thus obtained instantaneous phase 
e I and instantaneous amplitude A| at the amplitude and phase modulation circuit 1603 to output an amplitude and 
phase oKxJulated intermediate frequency (IF) wave or racfio frequency (RF) wave. 

45 The operation after that and another constitution of this modulator are the same as these in the modulator shown 
in Fig. 29. 

Hereinafter, constitutions of demodulators in the third embodiment according to the present invention are de- 
scribed. 

Fig. 31 illustrates a first concrete constitution of a demodulator in the third embodiment according to the present 
so invention. In this example, the derrxxiulator substantially consists of an amplitude and phase detection circuit 3101, 
the shift register 706 and the amplitude ratio calculation circuit 707 fol towed to the detection circuit 31 01 , a shift register 
31 02 and a subtracter 31 03 followed to the detection circuit 31 0 1 , and a decision circuit 31 04. The similar components 
in this demodulator as these in the demodulator shown in Fig. 7 are illustrated by using the same reference numerals, 
respectively. 

ss Received wave A^ cosCe , + 2ic 4^-1) is inputted into the amplitude and phase detection circuit 31 01 , and thus an 

instantaneous phase 0 , -i- 6 q and an instantaneous amplitude A| are detected where % isa constant. With respect to 
phase, a phase difference i = B t - 0^ between the instantaneous phase 8 ,+e q ^ instantaneous phase at n 
symbols prevtously e q outputted from the shift register 31 02 is calculated at the subtracter 31 03. With respect to 
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amplitude, as well as cione in the demodulator of Fig. 7 in the first embodiment, a ratio A| / A|^ of the instantaneous 
envelope level at the current time A| and the instantaneous envelope level at n symbols prevkxjsly A,^ provided from 
the shift register 706 is calculated at the amplitude ratio calculation circuit 707 to provide rj or Rj corresponding to the 
mapped code. 

s DenfKxJulated data can be obtained from the decision circuit 3104 by deciding the mapped code in accordance 

with thus obtained phase difference <|>j and amplitude ratio rj or Rj. 

Fig. 32 illustrates an example of the amplitude and phase detection circuit 31 01 in the denxxlulator shown in Fig. 31 . 
As will be apparent from this figure, this detection circuit 3101 consists of a local signal generator 3201 . the quad- 
rature detector 2201 , the two A/D converters 221 1 and 221 2 and the calculation circuits 221 3 and 221 4. The quadrature 
10 detector 2201 is provided with the two hybrids 2204 and 2205, the two mixers 2206 and 2207. the k /2 phase shifter 
2208 and the two LPFs 2209 and 2210. 

Received wave At>cos(d| + 2ic -i^-X) is inputted into the quadrature detector 2201 . In the quadrature detector 2201 , 
the received wave is semi-synchronous quadrature detected by a local signal with a frequency of f^ from the local 
signal generator 3201 to provide baseband signals of the rectangular coordinate system consisting of I component I 
IS - AfC06(e t + 0 o) Q component Q = A,-sin(G^ + 6^). where e q is a constant. The baseband signals are converted 
into digital signals at the A/D converters 2211 and 2212, respectively. These digital signals are then applied to the 
calculation circuit 221 3 to provide an instantaneous phase 6 ^ -i- 8 q. Also these digital signals are applied to the calcu- 
lation circuit 2214 to provide an instantaneous amplitude A|. 

The amplitude and phase detection circuit 3101 In the denrxxiulator shown in Fig. 31 can be constituted by any 
20 one of varbus known detection circuits other than that shown in Fig. 32. Thus, the detection circuit 3201 Is not limited 
to that shown in Fig. 32. 

Fig. 33 illustrates a second concrete constitution of a demodulator in the third embodiment according to the present 
invention. In this example, the demodulator substantially consists of the LOG (logarithmic) amplifier 1 001 , the amplitude 
and phase detection circuit 3101 , the shift register 706 and the amplitude ratio calculation circuit 1002 followed to the 
£S detection circuit 3101, the shift register 3102 and the subtracter 3103 followed to the detection circuit 3101, and the 
decision circuit 31 04. The similar components in this denrxxiulator as these in the demodulators shown in Figs. 23 and 
31 are illustrated by using the same reference numerals, respectively. The amplitude ratio calculation circuit 1002 Is 
provided with the subtracter 1003 and the LCXa-linear conversion circuit 1004. 

Received wave A|*cos(e| -t- 2k -f^-t) Is Inputted Into the LOG amplifier 1001 to be logarithmically amplified as log 
30 {G . AcCOS(6| + 2k I^-X)}, where G is a constant Then, in the amplitude and phase detection circuit 31 01 , an instanta- 
neous phase 8 ^ and an instantaneous amplitude At are detected. With respect to phase, a phase difference ({» | (=6 ^ - 
e^) is obtained as well as done in the derrxxJulator of Fig. 31. With respect to amplitude, as well as done in the 
demodulators of Figs. 23 and 31 . a ratio A| / A|^ of the instantaneous amplitude at the current time A( and the instan- 
taneous amplitude at n symbols previously Ai.^ provided from the shift register 706 is calculated at the amplitude ratio 
35 calculation drcuft 1002 to provide rj or corresponding to the mapped code. 

Demodulated data can be obtained from the decision circuit 3104 by decidong the mapped code in accordance 
• with thus obtained phase difference ^ and amplitude ratio rj or F^. 

Although, the amplitude of the received wave is detected after the logarithmic amplification in this demodulator 
shown in Fig. 33, the amplitude can be detected before the logarithmic amplification. 
40 Fig. 34 Illustrates a third concrete constitution <rf a denrwdulator in the third embodiment according to the present 
invention. In this example, the demodulator substantially consists of a hybrid 3401 . the amplitude detection circuit 701 . 
the shift register 706 and the amplitude ratio calculation circuit 707 followed to the detection circuit 701 , a differential 
detection circuit 3402 followed to the hybrid 3401 and the decision circuit 3104. The similar components in this de- 
modulator as these In the demodulators shown h Figs. 7 and 31 are Illustrated by using the same reference numerals, 
^ respectively. 

Received wave A,k»s(8 , + 2jc -I^ X) is branched at the hybrid 3401 and then inputted into the differential detection 
circuit 3402 and into the amplitude detection circuit 701 . With respect to phase, a phase difference <fr j (=8 , - 8 ,J is 
obtained at the differential detection circuit 3402. With respect to amplitude, as well as done in the demodulator of Fig. 
7, a ratio A, / A^ of the Instantaneous envelope level at the current time A| and the instantaneous envelope level at . 
so n symbols previously A^.^ is obtained to provide or Rj corresponding to the mapped code. 

Denrxxiulated data can be obtained from the decision circuit 3104 by deciding the mapped code in accordance 
with thus obtained phase difference ^ and amplitude ratio rj or F^. 

Fig. 35 illustrates an example of the differential detection circuit 3402 in the demodulator shown in Fig. 34. 

As will be apparent from this figure, this detection circuit 3402 consists of a limiter amplifier 3501 , the hybrid 2202, 
a delay circuit 3502, a quadrature detector constituted by the two hybrids 2204 and 2205, the two mixers 2206 and 
2207, the ic /2 phase shifter 2208 and the two LPFs 2209 and 2210. the two A/D converters ^11 and 2212 and the 
calculation circuit 2213. 

Received wave A|*co6(8 ( + 2n -i^-X) is inputted to the limiter amplifier 1 501 , and converted into a constant amplitude 
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signal A-cos(e| + 2rc -1^4), where A is a constant The converted signal is then branched at the hybrid 2202, and thus 
a branched signal A cos(e, + 2jc ^t) and a signal delayed by n symbols at the delay circuit 3502 A-coG{e h, + 2ii "fe- 
(t-n-T)} are provided, where T is a time for one symbol. A quadrature component of the delayed signal A<sin{e -i- 2ic 
•fc (t-n T)} is provided by the is/2 phase shifter 2208. Therefore, from the mixers 2206 and 2207, A? cos( e , + 2 n -l^'X) 
s .cos{e t.n + 2 n -fc-O-n-T)} and fi?-cos( 8 ^ + 2rc -fc-tj-sinf 8 + 2ii •fc-(t-n.T)) are provided. These signals are passed 
through the LPFs 2209 and 2210, and thus A^-cosCej - 8 ,^ + 2 ic fe-n-T) and A2.sin{8 , - 8 1.„ + 2re ^"'"0 are obtained. 

These signate are converted into digital signals at the A/D converters 2211 and 2212, respectively, and applied to 
the calculation circuit 221 3 to provide a phase difference of 8 f8^n. 

The differential detection circuit 3402 In the demodulator shown in Fig. 34 can be constituted by any one of various 
10 known detection circuits other than that shown in Fig. 35. Thus, the detection circuit 3402 is not limited to that shown 
in Fig. 35. 

Fig. 36 illustrates a fourth concrete constitution of a demodulator In the third embodiment according to the present 
invention. In this example, the demodulator substantially consists of the hybrid 3401, the LOG (logarithmic) amplifier 
1001 . the amplitude detection circuit 701 , the shift register 706 and the amplitude ratio calculation circuit 1 002 followed 
IS to the detection circuit 701 , the differential detection circuit 3402 followed to the hybrid 3401 and the decision circuit 
3104. The similar components In this demodulator as these In the denrxxiulators shown in Figs. 7, 33 and 34 are 
illustrated by using the same reference numerals, respectively The amplitude ratio calculation circuit 1002 is provided 
with the subtracter 1 003 and the LOG-linear conversion circuit 1 004. 

Received wave is branched at the hybrid 3401 and then inputted into the differential detection circuit 3402 and 
20 into the LOG amplifier 1 001 . With respect to phase, a phase difference ^ , is obtained at the differential detection circuit 
3402. With respect to amplitude, as well as done in the demodulator of Fig. 33. rj or R| corresponding to the mapped 
code is obtained. Demodulated data can be obtained from the decision circuit 3104 by deciding the mapped code in 
accordance with thus obtained phase difference ^ | and amplitude ratio rj or Rj. 

Although, the amplitude of the received wave is detected after the logarithmic amplification in this demodulator 
^ shown In Fig. 36, the amplitude can be detected before the logarithmic amplification. 

Fig. 37 illustrates a fifth concrete constitution of a denxxiulator for diversity combining in the third embodiment 
according to the present invention. In this example, the demodulator sut}stantially consists of amplitude and phase 
detection circuits 3701^-3701^1, the selection circuit 2402, the summing circuit 1302, the shift register 706 and the 
amplitude ratto calculation circuit 707 followed to the summing circuit 1302, the shift register 3102 and the subtracter 
30 3103 followed to the selection circuit 2402, and the decision circuit 3104. The similar components in this demodulator 
as these in the demodulators shown in Figs. 7, 13, 20 and 31 are illustrated by using the same reference numerals, 
respectively. 

Received waves at the branches #1 -#N are inputted into the amplitude and phase detection circuits 3701^-3701 
In the detection circuits 3701 ,-3701 n, instantaneous phases and instantaneous envelope levels which are instanta- 

3S neous amplitudes, of the respective branches are obtained. The obtained instantaneous phases of the respective 
branches are inputted Into the selection circuit 2402 and then one of the onstantaneous phases is selected deperKling 
upon the instantaneous envelope levels of the respective branches (selection combining). A phase difference j = 8 1 
- 8 1^ between the instantaneous phase 8 1-^8 q ^ ^ instantaneous phase at n symbols p reviously 8 q outputted 
fromtheshift register 3102 is calculated at the subtracter 3103. On the other hand, the obtained instantaneous envelope 

40 levels of the respective branches are sumnrted at the summing drcuit 1302 to provide an instantaneous amplitude 
signal. After that, the same operations as that in the demodulator of Rg. 7 are performed to obtain a ratio A| / A,^ of 
the instantaneous amplitude at ttte current time A, and the instantaneous amplitude at n symbols previously A,^. As 
a result, rj or Rj corresponding to the mapped code is obtained. Demodulated data can be obtained from the decision 
circuit 31 04 by deciding the mapped code in accordance with thus obtained phase difference ^ j and amplitude ratb n 

45 orF^. 

Rg. 38 illustrates a sixth concrete constitution of a denrKxiulator for diversity combining in the third embodiment 
according to the present invention. In this example, the demodulator substantially consists of the hybrids 2501,-2501 ^ 
the amplitude detection circuits 2502,-2502,^, the selection circuit 2503, the differential detection circuit 3402 foltowed 
to the selection circuit 2503, the summing circuit 1 302, the shift register 706 and the amplitude ratio calculation circuit 
so 707 followed to the summing circuit 1302 and the decision circuit 2002. The similar components in this demodulator 
as these in the denrxxJulators shown in Figs. 7. 1 3. 25, 31 and 34 are illustrated by using the same reference numerals, 
respectively. 

Received waves at the branches #1-#N are branched at the hybrids 2501,-2501|^. respectively and then inputted 
into the amplitude detection circuits 2502,-2502|4 and into the selection circuit 2503, respectively In the detection 
ss circuits 2502,-2502^, instantaneous envelope levels which are instantaneous amplitudes, of the respective branches 
are detected. In the selection circuit 2503, one of the received waves is selected depending upon the detected instan- 
taneous envelope levels fomn the respective detection circuits 2502,-2502f,4. The selected received wave is applied to 
the differential detection circuit 3402 and thus a phase difference is obtained. On the other hand, the obtained in- 
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stantaneous envelope levels of the respective branches are summed at the summing circuit 1 302 to prG¥ide an instan- 
taneous amplitude signal. After that, the same operations as that in the denrKxJulator of Fig. 7 are performed to obtain 
a ratio A| / of the instantaneous amplitude at the current time A| and the instantaneous amplitude at n symbols 
previously A^.^ As a result, rj or corresponding to the mapped code is obtained. Demodulated data can be obtained 
s from the decision circuit 3104 by deciding the mapped code in accordance with thus obtained phase difference <|i| and 
amplitude ratio rj or Rj. 

Since information exist in the amplitude ratio between the symbols not in the absolute amplitude according to the 
third embodiment as well as in the first and second embodiments of the present invention, diversity combining with the 
maximum gain is possible only by summing the detected arnplitudes of the branches. With respect to phase combining, 
10 another combining methods such as an equal gain combining or maximal ratio combinhg can be utilized other than 
the aforementioned selection combining. 

According to the third embodiment, since it is not necessary to detect an absolute amplitude and also an absolute 
phase, good denrKx:lulation characteristics can be expected even under a bad transmission condition of abrupt level 
changes. 

IS Figs. SQa and 39b show a first example of signal space diagrams at the transmitting side and the receiving side 

after demodulation according to the present invention, respectively, and Figs. 40a and 40b show a second example of 
signal space diagrams at the transmitting side and the receiving side after demodulation according to the present 
invention, respectively. 

In the first example of Figs. 39a and 39b, as shown in Fig. 39b, distance between the origin and each signal point 
20 corresponds to rj or Rj and an angle between the I axis and a line from the origin to each signal point corresponds to 
an at)solute phase <>| in the second embodiment or to a phase difference ^^ in the third embodiment. In this first example, 
furthermore, the multi-level value for phase is 8 and the multi-level value for amplitude is 2 (which is equivalent to 16 
QAM). In the second example of Figs. 40a and 40b, as shown in Fig. 40b, distance between the origin and each signal 
point corresponds to r| or and an angle between the I axis and a line from the origin to each signal point corresponds 
2S to an absolute phase in the second embodiment or to a phase difference ^ in the third embodiment. In this second 
example, furthermore, the multi-level value for phase is 16 and the multi-level value for amplitude is 4 (which is equiv- 
alent to 64 QAM). As will be understood from Figs. 39a and 40a, according to the present invention, each of signal 
points in the signal space diagrams at the transmitting sides are arranged in optional location in radial and annular 
shape not an absolute location as that in the conventional methods. 

30 



Claims 

1. A modulation and demodulation method for communication between a transmitting side and a receiving side, said 
method comprising the steps of: 



at the transmitting side, producing a modulating signal, an amplitude ratio df a current instantaneous amplitude 
of said modulating signal and an instantaneous amplitude at n symbols previously in time (n is a natural 
number) of said modulating signal being set to correspond to a code to be transmitted; 
at the transmitting side, modulating a carrier with a radio frequency or an intermediate frequency by said 
nrxxJulating signal to provide and transmit a modulated signal; 

at the receiving side, receiving the transmitted modulated signal to provide a received signal; and 
at the receiving side, deciding the transmitted code from an amplitude ratb of an instantaneous amplitude of 
a signal point in a signal space and an instantaneous amplitude of the signal point in the signal space n symbols 
previously in time with respect to said received signal, 

a first amplitude ratio value equal to or smaller than 1 and a second amplitude ratio value equal to or greater 
than 1 being prepared, said amplitude ratio being selected one of said first and second amplitude values so 
as to prevent said modulating signal from converging to zero and from diverging. 

so 2. A modulation and demodulation method for communication between a transmitting side and a receiving side, said 
method comprising the steps of. 

at the transmitting side, producing a modulating signal, an absolute phase in a signal space of said rrxxiulating 
signal and also an arr^litude ratio of a current instantaneous amplitude of said rrxxiulating signal arxl an 
ss instantaneous amplitude at n symbols previously m time (n is a natural number) of said modulating signal 

being set to correspond to a code to be transmitted; 

at the transmitting side, modulating a carrier with a radio frequency or an intermediate frequency by said 
modulating signal to provide and transmit a modulated signal; 
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at the receiving side, receiving the transmitted modulated signal to provide a received signal and 
at the receiving side, deciding the transmitted code from an absolute phase of said received signal in a signal 
space and from an amplitude ratio of an instantaneous amplitude of a signal point in the signal space and an 
Instantaneous amplitude of the signal point In the signal space n symtx>ls previously in time with respect to 
said received signal, 

a first amplitude ratio value equal to or smaller than 1 and a second amplitude ratio value equal to or greater 
than 1 being prepared, said amplitude ratio being selected one of said first and second amplitude values so 
as to prevent said modulating signal from converging to zero and from diverging. 

A modulation and demodulation method for communication between a transmitting side and a receiving side, said 
method comprising the steps of: 

at the transmitting side, producing a modulating signal, a phase difference between a current instantaneous 
phase of said modulating signal in a signal space and an instantaneous phase at n symbols previously In time 
(n is a natural number) of said rrKxiutatIng signal in the signal space and also an annplitude ratio of a current 
instantaneous amplitude of said modulating signal and an instantaneous amplitude at n symbols previously 
in time of said modulating signal being set to correspond to a code to be transmitted; 
at the transmitting side, modulating a carrier with a radio frequency or an intermediate frequency by said 
modulating signal to provide and transmit a modulated signal; 

at the receiving side, receiving the transmitted modulated signal to provide a received signal; and 
at the receiving side, deciding the transmitted code from a phase difference between a current instantaneous 
phase of a signal point in the signal space and an Instantaneous phase of the signal point in the signal space 
n symbols previously with respect to the received signal and from an amplitude ratb of an Instantaneous 
amplitude of the signal point in the signal space and an instantaneous ampfitude of the signal point in the 
signal space n symbols previously in time with respect to said received signal, 

a first amplitude ratio value equal to or smaller than 1 and a second amplitude ratio value equal to or greater 
than t being prepared, said amplitude ratio being selected one of said first and second amplitude yalues so 
as to prevent said modulating signal from converging to zero and from diverging. 

A modulator comprising: 

a code mapping means for mapping a plurality of data to be transmitted to a code corresponding to a signal 
point in a signal space; 

an amplitude ratio setting means for providing an amplitude ratio corresponding to said mapped code; 

a n-symbol delay means for providing an Instantaneous amplitude at n symbols previously in time (n is a 

natural nunrtber); 

an Instantaneous amplitude production means for producing a current instantaneous amplitude based upon 
a product of the amplitude ratio and the instantaneous amplitude at n symbols previously; 
an amplitude ratio control means for controlling the amplitude ratio to be one of a first amplitude ratio value 
equal to or smaller than 1 and a second amplitude ratio value equal to or greater than 1 so as to prevent said 
current Instantaneous amplitude from converging to zero and from diverging; and 

an amplitude modulation means for modulating a carrier with a radio frequency or an intermediate frequency 
by said current instantaneous amplitude. 

A nxxiulator according to claim 4, further comprising a phase setting means for providing an absolute phase cor- 
responding to said mapped code; and phase modulation means, the amplitude and phase modulation means for 
modulating a earner with a radio frequency or an intermediate frequency by said absolute phase and said current 
instantaneous amplitude. 

A modulator comprising: 

a code mapping means for mapping a plurality of data to be transmitted to a code corresponding to a signal 
point in a signal space; ' 
a phase difference setting means for providing a phase difference corresponding to said mapped code; 
a first n-symbol delay means for providing an instantaneous phase at n symbols previously in time (n is a 
natural number); 

an instantaneous phase production means for producing a current instantaneous phase based upon a sum 
of the phase difference and the instantaneous phase at n syiDbols previously; 
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an amplitude ratio setting means for providing an amplitude ratio corresponding to said mapped code; 

a second n-symbol delay means for providing an instantaneous amplitude at n symbols previously in time; 

an instantaneous amplitude production means for producing a current ristantaneous arnplitude based upon 

a product of the amplitude ratio and the instantaneous amplitude at n symbols previously; 

an amplitude ratio control means for controlling the amplitude ratio to be one of a first amplitude ratio value 

equal to or smaller than 1 and a second amplitude ratio value equal to or greater than 1 so as to prevent said 

current instantaneous amplitude from converging to zero and from diverging; and 

an amplitude and phase modulation means for modulating a carrier with a radio frequency or an intermediate 

frequency by said current instantaneous phase and said current instantaneous amplitude. 

7. The modulator as claimed in any of claims 4 to 6, wherein said amplitude ratio setting means provides one of the 
first amplitude ratb value and the second amplitude ratio value, and wherein said amplitude ratio control means 
controls said amplitude latio setting means so as to provide said first amplitude ratio value when said instantaneous 
amplitude at n symbols previously is greater than a threshold value and so as to provide eaid second amplitude 
ratio value when said instantaneous amplitude at n symbols previously is equal to or smaller than the threshold 
value. 

8. The modulator as claimed in any of claims 4 to 6, wherein said amplitude ratio setting means provides both the 
first amplitude ratio value and the second amplitude ratio value. arKi wherein said amplitude ratb control means 
comprises a first multiplying means for providing a first product of said first amplitude ratio value and said instan- 
taneous amplitude at n symbols previously, a second multiplying means for providing a second product of said 
second amplitude ratio value and said instantaneous amplitude at n symbols previously, a selection means for 
selecting, in accordance with a selection signal, one of said first product and said second product as the current 
instantaneous amplitude, and a comparing means for providing the selection signal to said selection means so 
that said selection means selects said first product when said instantaneous amplitude at n symbols prevbusly is 
greater than a threshold value and that said selection means selects said second product when said instantaneous 
amplitude at n symbols previously is equal to or smaller than the threshold value. 

9. The modulator as claimed in any of claims 4 to 6, wherein said amplitude ratb setting means provides both the 
first amplitude ratb value and the second amplitude ratb value, and wherein said amplitude ratb control means 
comprises a first multiplying means for providing a first product of said first amplitude ratb value and said instan- 
taneous amplitude at n symbols previously; a second multiplying means for providing a second product of said 
second amplitude ratb value and said instantaneous amplitude at n symbols previously, a selection means for 
selecting, in accordance with a selection signal, one of said first product and said second product as the current 
instantaneous amplitude, and a comparing means for providing the selection signal to said selection means so 
that said selection means selects said first product when said second product is greater than a threshold value 
and that said selection mearts selects said second product when said second product is equal to or snialle^ 

the threshold value. 

10. A demodulator comprising: 

an amplitude detection means for detecting an instantaneous envelope level olf a received signal; 

an n-symbol delay means for providing an instantaneous envelope level of said received signal at n symbols 

previously in time (n is a natural number); 

an amplitude ratb calculation means for calculating an amplitude ratio of an instantaneous amplitude in a 
signal space and an instantaneous amplftude in the signal space n symbols previously in time from said in- 
stantaneous envelope level and said instantaneous envelope level at n symbols previously; and 
a decision means for deciding a code transmitted in accordance with said calculated amplitude ratb. 

11. A demodulator comprising: 

a logarithmic amplifying means for amplifying a received signal; 

an amplitude detecting means for detecting an instantaneous envelope level of the logarithmically amplified 
received signal; 

a n-symbd delay means for providing an instantaneous envelope level of said logarithmically amplified re- 
ceived signal at n symbols prevbusly in time (n is a natural number); 

an amplitude ratio cak:ulation means for calculating an amplitude ratio of an instantaneous amplitude in a 
signal space and an instantaneous amplitude in the signal space n symbols previously in time from sab in- 
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stantaneous envelope level and said instantaneous envelope level at n synnbols previously; and 
a decision means for deciding a code transmitted in accordance with said calculated amplitude ratio. ' 

12. The denrKxiulator as claimed in claim 1 0 or daim 11 , wherein said amplitude detection means comprises a multi- 
s plying means for providing a product of the received signal and a carrier, and a low pass filtering means for elim- 
inating higher harmonic component In said product to provide square of said instantaneous envelope level. 

13. The denrxxlulator as claimed in claim 10 or claim 11, wherein said amplitude detection means comprises means 
for branching the received signal, a multiplying means for providing a product of the branched signals, a low pass 

10 filtering means for eliminating higher harmonic component in said product to provide square of said instantaneous 
envelope level, and a square root calculation means for calculating a square root of the square of the instantaneous 
envelope level to provide the instantaneous amplitude in the signal space. 

The deoKxIulator as claimed in claim 1 0 or claim 11 , wherein said antplitude detectbn means comprises a plurality 
of amplitude detection circuits for detecting a plurality of instantaneous envebpe levels of a plurality of received 
signals, and wherein said demodulator further comprises a summing means for summing the plurality of the de- 
tected envelope levels to provide the instantaneous amplitude. 

15. A demodulator comprising: 

an amplitude and ak>solute phase detection means for detecting an instantaneous envelope level In a signal 
space and an absolute phase in the signal space of a received signal; 

a n-symbol delay means for providing an instantaneous envelope level of said received signal at n syrrtbols 
previously in time (n is a natural number); 

an amplitude ratio calculation means for calculating an amplitude ratio of an instantaneous amplitude in a 
signal space and an instantaneous amplitude In the signal space n symbols previously In time from said In- 
stantaneous envelope level and said instantaneous envelope level at n symbols previously; and 
a decision means for deciding a code transmitted in accordance with said absolute phase and said calculated 
amplitude ratio. 

16. The demodulator as claimed in claim 15, wherein said amplitude and absolute phase detectbn means comprises 
a plurality of amplitude and absolute phase detection circuits for detecting a plurality of absolute phases and a 
plurality of instantaneous envelope levels of a plurality of received signals, and wherein said denrxxiulator further 
comprises a summing meansforsummingtheplurality of the detected envebpe levels to provide the instantaneous 
amplitude, and a selection means for selecting one of the plurality of the detected absolute phases depending 
upon the plurality of the detected envelope levels so as to provide an improved at>solute phase. 

17. The demodulator as claimed in claim 15, wherein said amplitude and absolute phase detection means comprises 
a plurality of means for branching a plurality of received signals, a plurality of amplitude detection circuits for 
detecting a plurality of vistantaneous envelope levels of the branched received signals and a synchronous phase 
detection means, and wherein said derrKxiulator further comprises a summing means for summing the plurality of 
the detected envelope levels to provide the instantaneous amplitude, and a selection means for selecting one of 
the plurality of the branched received signals depending upon the plurality of the detected envelope levels so as 
to provide an unproved received signal to said synchronous phase detection means. 

18. A demodulator comprising: 

a bgarithmb amplifying means for amplifying a received signal; 

an amplitude and absolute phase detection means for detecting an instantaneous envebpe bvel and an ab- 
so solute phase in a signal space of the logarithmically amplified received signal; 

a n-symbol delay means for providing an instantaneous envelope level of said logarithmically amplified re- 
ceived signal at n symbols previously in time (n Is a natural number); 

an amplitude ratio calculation means for cabulating an amplitude ratio of an instantaneous amplitude in a 
signal space and an Instantaneous amplitude in the signal space n symbols prevbusly in time from said in- 
^ stantaneous envebpe level and said instantaneous envelope level at n symbols previously; and 

a decision means for deciding a code transmitted in accordance witb said absolute phase and said calculated 
amplitude retb. 
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19. A demodulator comprising: 

an amplitude and phase detection means for detecting an instantaneous envelope level in a signal space and 
an mstantaneous phase in the signal space of a received si^ial; 

a first n-symbol delay means for providing an instantaneous phase at n symbols previously in time (n is a 
natural number); 

a phase difference calculation means for calculating a phase difference between said detected instantaneous 
phase and said provided instantaneous phase n symbols previously; 

a second n-symbol delay means for providing an instantaneous envelope level of said received signal at n 
symbols previously in time; 

an amplitude ratio calculation means for calculating an amplitude ratio of an instantaneous amplitude in a 
signal space and an instantaneous amplitude in the signal space n symbols previously in time from said in- 
stantaneous envelope level and said instantaneous envelope level at n symbols previously; and 
a decision means for deciding a code transmitted in accordance with said calculated phase difference and 
said calculated amplitude ratio. 

20. The demodulator as claimed in ciatm 19, wherein said amplitude and phase detection means comprises a plurality 
of amplitude and phase detection circuits for detecting a plurality of instantaneous phases and a plurality of in- 
stantaneous envelope levels of a plurality of received signals, and wherein said demodulator further comprises a 
summing means for summing the plurality of the detected envelope levels to provide the instantaneous amplitude, 
and a selection means for selecting one of the plurality of the detected instantaneous phases depending upon the 
plurality of the detected envelope levels so as to provide an improved instantaneous phase. 

21 . The demodulator as claimed in claim 1 9, wherein said amplitude and phase detection means comprises a plurality 
of means for branching a plurality of received signals, a plurality df amplitude detection circuits for detecting a 
plurality of instantaneous envelope levels df the branched received signals and a differential detection means, and 
wherein said demodulator further comprises a summing means for summ^g the plurality erf the detected envelope 
levels to provide the instantaneous amplitude, and a selection means for selecting one of the plurality of the 
branched received signals depending upon the plurality of the detected envelope levels so as to provide an im- 
proved received signal to said differential detection means. 

22. A demodulator comprising: 

a togarithmic amplifying means for amplifying a received signal; 

an amplitude and phase detection means for detecting an instantaneous envelope level and an instantaneous 
ph^e in a signal space of the log2irithmtcaIly amplified received signal; 

a first n-symt)ol delay means for providing an instantaneous phase of said logarithmically amplrfied received 
signal at n symbols previously in time (n is a natural number); 

a phase difference calculation means for calculating a phase difference between said detected instantaneous 
phase and said provided instantaneous phase n symbols previously; 

a second n-symbol delay means for providing an instantaneous envelope level of said logarithmically amplified 
received signal at n symbols previously in time; 

an amplitude ratio calculation means for calculating an amplitude ratio of an instantaneous amplitude in a 
signal space and an instantaneous amplitude in the signal space n symbols previously In time from said in- 
stantaneous envelope level and said instantaneous envelope level at n symbols previously; and 
a decision means for deciding a code transmitted in accordance with said calculated phase difference and 
said calculated amplitude ratio. 

23. A demodulator comprising: 

means for branching a received signal; 

a differential detection means for detecting a phase difference between an Instantaneous phase and an In- 
stantaneous phase n symbols previously (n is a natural number) in a signal space of the branched received 
signal; 

an amplitude detection means for detecting an instantaneous envelope level in the signal space of the 
branched received signal; 

a n-symbol delay means for providing an instantaneous envelope level of said branched received signal at n 
symbols previously in time; 
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an amplitude ratio calculation means for calculating an amplitude ratio of an instantaneous amplitude in the 
signal space and an instantaneous amplitude in the signal space n symbols previously in time from said in- 
stantaneous envelope level and said instantaneous envelope level at n symbols previously; and 
a decision means for deciding a code transmitted in accordance with said detected phase difference and said 
s calculated amplitude ratio. 

24. A demodulator comprising: 

means for branching a received si^al; 
10 a differential detection means for detecting a phase difference between an instantaneous phase and an in- 

stantaneous phase n symbols prevbusly (n is a natural number) in a signal space of the branched received 
signal; 

a logarithmic amplifying means for amplifying the branched received signal; 

an amplitude detection means for detecting an Instantaneous envelope level and an instantaneous phase in 
IS the signal space of the logarithmically amplified received signal; 

a n^ymbol delay means for providing an instantaneous envelope level of said branched received signal at n 
symtx)ls previously in time; 

an amplitude ratio calculation means for calculating an amplitude ratio of an instantaneous amplitude in the 
signal space and an instantaneous amplitude in the signal space n symbols previously in time from said in- 
^ stantaneous envelope level and said Instantaneous envelope level at n symbols previously; and 

a decision means for deciding a code transmitted in accordance with said detected phase difference and said 
calculated amplitude ratio. 
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